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The President, Mr. Charles S. Shapley, in the Chair. 
USE OF CREOSOTE IN THE MANUFACTURE OF CARBURETTED WATER GAS 


The President, opening the proceedings on Wednesday afternoon, Nov. 13, said: The financial return from 
tar products represents more than one-third of the total income from residuals, so that any factors which affect the 


market must be given serious attention. 


We are now faced with a situation in which huge stocks of creosote have 


accumulated, due chiefly to the American market falling away. The outlet for fuel oil is blocked by existing 
contracts. . Some attempt to relieve the situation has been made by the Yorkshire Tar Distillers. They have 


appointed a Research Chemist to explore new avenues for the disposal of creosote. 


The question is not a local one, 


but affects the whole carbonizing industry; and for this reason the Institution have prepared a statement giving a 


survey of all available information on the subject. 


We must congratulate Dr. Dent on the comprehensive 


report which he has prepared. 


MEMORANDUM ON THE USE OF CREOSOTE 
IN THE MANUFACTURE OF CARBURETTED 
WATER GAS. 

By F. J. Dent, Ph.D. (Research Chemist}. 


PART I. 


INTRODUCTION. 


Owing to the impossibility of obtaining supplies of gas 
oil from America during the European War, creosote oil 
fame into use as an enriching agent for blue water gas. 
The many difficulties which arose, however, during the use 
of creosote, such as deposition of carbon in the carburettor, 
and excessive production of naphthalene, together with 
the poor yield of gas obtained from it, caused engineers 
to revert to petroleum gas oil when supplies of the latter 
became normal. 

The recent restriction in the market with a consequent 
fall in the price of creosote has, however, made further 
outlets for this product desirable. Accordingly, it has 
been proposed to make further investigation into the possi- 
bility of using creosote or mixtures of creosote with gas oil, 
in the manufacture of carburetted water gas. It is hoped 
that the lighter creosotes now obtainable from tar from 
Steamed vertical retorts will prove to be more suitable for 
this purpose than the heavier creosotes of the war period. 

A complete study of the use of creosote must obviously 
include the investigation of the influence of many fac- 
tors—e.g., the nature of the creosote, the temperature of 
cracking, the nature of the atmosphere in which cracking 
takes place, the rate of oil supply, &c.—but before com- 
mencing such an investigation the results of tests carried 
out by previous workers have been collected and are given 
below with matter of a more theoretical nature and may 
Stive as a guide for further experiment. 


PREVIOUS WORK ON THE USE OF CREOSOTE 
IN THE MANUFACTURE OF CARBURETTED 
WATER GAS. 


Creosote, produced by the carbonization of coal at the 
high temperatures of gas-works practice is mainly com- 
posed of aromatic compounds in contrast to petroleum 
gas oil of which the chief constituents are complex paraffin 
hydrocarbons. This difference between the two is funda- 
mental to their behaviour on cracking. Whereas paraffin 
hydrocarbons are readily decomposed on heating, aromatic 
hydrocarbons as they exist in creosote are comparatively 
Stable, having been produced at high temperatures. 





Further, while paraffin hydrocarbons, on decomposition, 
split up with the formation of simpler gaseous hydro- 
carbons, aromatic compounds tend to link together with 
the formation of heavier and more complex substances. 
This behaviour of aromatic compounds has been known 
for a long time and not many attempts have been made 
to obtain gaseous hydrocarbons from them while supplies 
of the more suitable paraffin hydrocarbons have been 
plentiful. Consequently, while a certain amount of work 
has been published on the cracking of coal tar oils to 
liquid hydrocarbons such as benzene and toluene,’ few 
experiments are described in the literature which enable 
the value of creosote for the manufacture of carburetted 
water gas to be estimated. 

Large scale tests have, however, been recently carried 
out on the works of the British Gas Light Company, Hull, 
and of the Gas Light and Coke Company, London, the 
results being reported to us by the courtesy of Mr. H. E. 
Copp and Mr. R. Dally, of Hull, and Mr. T. Hardie and 
Mr. H. Hollings, of London. The author, by permission, 
was present at some of the tests carried out at Hull. 

These tests were of a preliminary nature, made on 
plants of which the working could not be extensively 
modified. The results indicate the efficiency obtained 
when gas oil was replaced by light creosote, other con- 
ditions on the plant being unaltered. 

In a test on the cracking efficiency of an oil, observa- 
tions must be made which enable the following data to 
be calculated : 

(a) The therms in tooo c.ft. of carburetted water gas 

= X). 
(b) The therms in the volume of blue water gas from 
which 1000 c.ft. of carburetted water gas are pro- 
duced (= Y). 
(c) The number of gallons of oi! supplied per rooo c. ft. 
of carburetted water gas (= Z). 
The therms of gas obtained per gallon of oil can then be 
calculated by means of the expression— 
X — Y 
Z 
In order to obtain the data given above, values for the 
following items, or their equivalents, must be obtained : 


(1) The total volume of carburetted water gas made, 

(2) The average calorific value of the carburetted water 
gas made, 

(3) The total volume of blue water gas made, 

(4) The average calorific value of the blue water gas 
made, 

(5) The total gallons of oil used, 
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In a large scale test, while items 1, 2, and 5 can be ob- 
tained by direct observation, the measurement of items 3 
and 4 presents difficulties. Item 4 can be obtained 
directly, but this involves the taking of a sample of blue 
water gas from the main joining the generator and car- 
burettor. Owing to the intermittent nature of working 
and the variations in the rate of production and quality 
of the gas, which take place during the short run period, 
a representative sample is very difficult to obtain. As a 
result, the ‘‘ average calorific value of the blue water gas ”’ 
is generally obtained by calculation from the composition 
of the carburetted water gas, and this method has been 
used in the tests carried out at Hull and London. 

The only practical way of obtaining a value for the 
** Total volume of blue water gas made’’ (item 3) is also 
by calculation, either (a) by the method employed in the 
Seventh Report of the Gas Investigation Committee—viz., 
by making a carbon and steam “‘ balance’’ for the gene- 
rator, or (b) from the composition and volume of the 
carburetted water gas. The latter method is simpler, and 
has been used in the tests to be described. 

This method of testing, employing considerable calcu- 
lation from only a few observed data, is liable to be in- 
accurate. It can be used satisfactorily to determine the 
behaviour of creosote when used alone, but as will be 
shown later is not sufficiently accurate for testing mix- 
tures of creosote and gas oil containing less than 15 per 
cent. of creosote. 


TESTS CARRIED OUT BY THE BRITISH GAS 
LIGHT COMPANY AT HULL. 


Comparative tests on the cracking efficiency of creosote, 
gas oil, and mixtures of the two were carried out on a 
Humphreys & Glasgow carburetted water gas plant de- 
signed to make one-and-a-half million c.ft. of gas per 
day. The tests were of short duration (approximately 
24 hours), and consequently only give data on the gaseous 
thermal yield. Any change in the nature or the yield of 
tar could not be followed, and difficulties caused by 
deposition of naphthalene, &c., in the plant did not de- 
velop. 

Under normal conditions, using gas oil, the plant pro- 
duced a gas of 430-440 B.Th.U. per cubic foot, and an 
attempt was made during the runs with creosote and 
creosote mixtures to maintain the gas at a similar quality. 

A light creosote, from a steamed vertical retort tar, 
was used, which had the following analysis (determined by 


Mr. Dally) : 

Tar acids : a a ae 30°3 percent. 
Tarbases .. ant ee oe 2°2 - 
Unsaturated compounds . 9’! wi 
Aromatic compounds (excluding acids and 

DOGG... © e's a ce ee ee 
Naphthenes .. + + + © © «© « 3°83 AS 
Naphthalene ‘ oe Nil 
Specific gravity (15° C. “e ° 0'972 
Mean boiling point* . 219° C. 
Residue above 360° C. 14°5 per cent. 


* Temperature at which 50 per cent. by volume of the oil distilled, 


Test No.+ + 





CL ee a 








Tasie I.—Results ¥:5 Tests Canvied Out at Hull. 


The low specific gravity, absence of naphthalene, hi -h 
percentage of tar acids, and the comparatively low 
aromatic hydrocarbon content indicate that the creoscte 
was obtained from a tar which had_not undergone sev: re 
heat treatment in the retort. This is the type of creos: te 
which would be expected to be most suitable for c. r- 
buretting purposes (see Part II.). 

The results obtained in five tests are given in Tables I. 
and II. In test 1, gas oil was used; in tests 2 and 3, 
mixtures of go per cent. gas oil with to per ‘cent. 
creosote; and tests 4 and 5 were carried out using 100 
per cent. creosote. 


Tasie I1].—Resulis obtained at Hull continued. 


Week Me iso 8 aie 8 ee i 


2 2 | 3 4 -¥ 





Therms obtained in gas per 
gal.ofoil(= A)... °. 1°31 1°27 1°26 











0°75 0°64 
Calorific value of oil per 
gal., therms (= B) .. : 1°68 1°68 | 1°68 1°65 1°65 
Thermal yield per cent. 
ot Se 
(= B x 100) o* lst. hy 81 76 75 45 39 


* Results for Test 5 estimated from the calorific value of the C.W. Gas made 


From the gas making point of view the results are dis- 
appointing. Comparison of tests 4 and 5 with test 1 
shows that the thermal yield of gas obtained per gallon 
of creosote is approximately only half that obtained per 
gallon of gas oil. The figures obtained in tests 2 and 3 
also show that the cracking efficiency is decreased by the 
addition of to per cent. creosote to gas oil. 

As stated previously, no difficulty was caused, during 
these short tests, by the deposition of naphthalene. —_ In 
tests 4 and 5 the colour of the blow gases passing up 
the stack indicated that incomplete cracking of the oil 
had occurred, and that tarry matter had been deposited 
in the carburettor and superheater. 


TESTS CARRIED OUT BY THE GAS LIGHT AND 
COKE COMPANY, LONDON. ' 


These tests were carried out on creosote of the following 
composition (determined by Mr. Hollings) : 


Tar acids. et ts 10’O per cent. 
Unsaturated hendveanstehie oe a) «Cas See ic 


Aromatic hydrocarbons ... . . . 64°2 és 

I <n aa of) oy % io. 01-2. s. OD = 

Paraffin hydrocarbons. ..... . 9'2 - 
° 


Mean boiling point . 218 
Using creosote alone the maximum yield of gas obtained 
per gallon of oil was 0'54 therm in an eight-hour test 
in which the temperature at the base of the superheater 
was mad F. 


2 3 4 } 5 





100 Per Cent. | 
Gas Oil. 


90 Per Cent. Gas Oil + 
10 Per Cent. Creosote. 





Duration of test, hours. . 24 2 22°2 22°5 21°5 
Oil used per rooo c.ft. C.W G. 1°45 1°77 1°67 2°07 1°85 
Temperature at superheater base, ° F. 1400 1400 1400 1400 1600 
C.W.G. metered, c.ft. . > ee 1,368,930 1,273,350 1,360,440 1,205,500 1,066,040 
Average calorific value of C. W G.. B.Th.U. per c.ft. 433 452 436 410 379 
Average composition of C.W.G., pe r cent. 

CO, . oe 6'9 5°9 | 6°4 7°3 i 

o"9 o'9 0°3 0°5 

CmHn 5°0 4°7 4°6 3°3 

co 30°9 29°9 29°9 32°8 

Hy . 42°1 42°2 41°4 43°3 

CH,. 8°8 9°4 10°0 73 

ae, « <a 6k te a ee See ee 5°3 71 7°4 5°5 
Average composition of B.W.G. (calculated), per cent. | 

CO, . ie ey 6M eee a 9 8°3 7°4 7°8 81 

co 36°9 37°6 | 36°3 36°6 

Hy . 52°4 5o0°r | 47°9 50°9 

CHg. o'5 o'5 | o'5 o'5 

_ Pa ee ae ee ee Me et ee ee 2°0 4°4 7°5 3°9 
Calorific value of B.W.G., B.Th.U. per c.ft. (calculated) 290 285 274 284 
Volume of B.W.G. per 1000 c.ft. C.W.G., c.ft. (calculated). 838 796 824 896 | 


* Sample of C.W.Gas lost. 
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The results obtained when using mixtures of creosote 
an! was oil are given in Table ITI. 


Taste III. 
Works A. 


Creosote in 
Mixture, 
Per Cent. 


Duration 


a Galls. Mixture Therms of Gas 
Test No. of Test. Hi 


per 1000 C.Ft. per Gall. 
C.W.G. Mixture. 








7 days Nil 1°48 1°31 
5°2 1°72 1°21 
Ik’9 1°81 1°06 
15°7 1°53 1°19 


WoRrRKsS B. 





| Galls. Mixture | Therms of Gas 
per Gall. 
Mixture. 


Creosote in 
Mixture, 
Per Cent. 


Duration 
of Test. 





28 ow 10°0 *37 
18 12°5 I } “19 
150 | - | ‘16 
20°0 : “13 

! 


7 days Nil *40 


Mixtures of 10 per cent. creosote and go per cent. gas 
oil have been used continuously for three months without 
trouble, but when using mixtures containing more than 
10 per cent. of creosote difficulties were caused by naph- 
thalene, which was deposited throughout the plant. 

The thermal yield of gas obtained in the test using 
100 per cent. creosote is in fair agreement with the corre- 
sponding figures obtained at Hull. The differences may 
be caused by the different compositions of the creosotes 
used or may be due to experimental errors. 

It is realized that the figures obtained in tests using 
mixtures of creosote and gas oil vary considerably (see 
Table II].) and that it is impossible to draw any definite 
conclusion from them. The results have, however, been 
placed at. the disposal of the Committee as an indication 
of what may be obtained in actual practice rather than 
under test conditions. If one subtracts from the ‘‘ Therms 
of gas obtained per gal. of mixture ’’ the therms which 
would have been obtained from the amount of gas oil 
present in the mixture, if the creosote had not been added, 
the difference is the number of therms obtained from the 
creosote present in the mixture. 

To take an example., In test 5 the thermal yield of 
yas per gallon of gas oil when no creosote was added was 
1°40. 

In test 6 from o’g gal. gas oil + o'1 gal. creosote, 
137 therms of gas were obtained. 

Therefore, for practical purposes, the therms obtained 
in test 6 from o'1 gal. creosote 

= 137 - 14 X*X% OOF @A@1!, 
or, therms of gas obtained per gal. creosote = 1°1. 

Similar calculations have been made for tests 1-9, and 

are given in Table IV. 


Tasie IV. 





Therms 
of Gas 
from 
Creosote 
in one Gall. 
of Mixture. 


Therms 
of Gas 
per Gall. 
Mixture. 


Therms 
of Gas 
per Gall. 
Creosote. 


Creosote 

Test No Ben 
‘| Mixture 
Per Cent. 


Therms of Gas from Gas 
Oil in one Gallon of 
Mixture. 


Tee OM 
| Nil *31 
5°2 ‘21 *31 
1r‘°9 “06 *31 
15°7 “19  S, 
Nal “40 
37 “40 
‘T9 “40 
“16 *40 
13 “40 





—0'0O3 5°58 
—0° 09 “76 
+0'09 “57 


{0948 
o° 881 
0° 843 


+o'11 I 

—O°O4 “32 
0°03 “20 
+0o'o! "05 


o'90 

. 0°875 = 
0°85 

< 0°80 


ne ee | 








in tests 2, 3, 7, and 8 it appears that the thermal yield 
of oil gas obtained from a mixture of creosote and a given 
amount of gas oil is not as large as the yield which would 
have been obtained from the same amount of gas oil 
Wi 1out any addition of creosote. Or in other words, the 
cr osote behaves as if it had a ‘* negative cracking 
eff ciency.” 

'n the remaining tests, however, the results indicate 
thot the creosote contributed to the thermal yield of gas 
0! .ained. In test 6 in particular, carried out over 


_naphthenes, phenols, and paraffins.’ 





28 days, the yield obtained per gallon of creosote—viz., 1°1 
therms—is very favourable. It is difficult to explain these 
results by variations which took place in the rate of oil 
supply,’ and they appear to be caused by other variations 
in the conditions of cracking such as the temperature and 
the distribution of temperature in the carburettor and 
superheater. Such variations have an extensive influence, 
and it is doubtful whether it is possible to obtain on a 
large-scale plant reliable indications of the behaviour of 
creosote when it is considerably diluted with gas oil. 

Summarising.—The results obtained in large-scale 
tests indicate that when using a light creosote in place 
of gas oil for carburetting, other conditions on the plant 
being unaltered, the thermal yield of oil gas obtained is 
o'5 to o'7 therm per gallon, or about one-third to one- 
half the yield usually obtained from a petroleum gas oil. 

Mixtures of light creosote and gas oil, containing not 
more than 1o per cent. of creosote, have been used con- 
tinuously for three months without trouble being caused 
by the deposition of naphthalene in the plant, but no posi- 
tive evidence is fortheoming which indicates that the 
thermal yield of gas obtained from such a mixture is 
greater than that given by the contained gas oil. 


LABORATORY TESTS ON THE CRACKING OF 
CREOSOTE. 


The results of laboratory tests on the cracking of 
creosote, which have been received, agree with those 
obtained in the tests carried out on the large scale. For 
example, results reported by Mr. T. F. E. Rhead indi- 
cate that creosote yields only one-third of the gaseous 
therms obtained from gas oil. In experiments carried 
cut in the laboratories of the Gas Light and Coke Com- 
pany on a creosote similar to the one used in the large 
scale tests described previously o'46 therm per gallon 
was the maximum yield of gas obtained when the oil was 
cracked in an atmosphere of hydrogen. A rather higher 
yield of 0°68 therms. per gallon was obtained in experi- 
ments, the results of which were supplied by Mr. Firth 
through the courtesy of Mr, C. S. Shapley and the Leeds 
Corporation Gas Committee. This thermal yield was 
obtained by cracking a light creosote at the high tem- 
perature of 1900°-2000° Fahr. in the presence of water 
vapour. However, while carburetted water gas normally 
consists of blue gas enriched with oil gas of a calorific 
value of approximately 1100-1200 B.Th.U. per c.ft., the 
oil gas produced in these experiments had a calorific 
value of only 500 B.Th.U. per c.ft. Oily tar was absent, 
and extensive cracking of the oil to carbon and hydrogen 
must have occurred, some of the deposited carbon being 
subsequently gasified. by the steam. As far as the author 
is aware, no laboratory experiments have been carried 
out on mixtures of gas oil and creosote. 


PART II. 


THE THERMAL DECOMPOSITION OF 
HYDROCARBONS. 


The chief constituents in coal tar creosote are paraffin, 


| unsaturated naphthene, and aromatic hydrocarbons and 


phenols. The properties of creosote are dependent on 
the nature and proportion of these constituents, and these 
again on the type of coal carbonized and the conditions 
of carbonization. Exposure of the tar vapours to severe 
heat treatment in the retort results in creosote containing 
a high percentage of aromatic compounds, while tars 
produced at lower temperatures, or which have been 
rapidly swept out of the retort—e.g., by steaming or 
by the use of full charges—yield creosotes containing more 
The nature of the 
various constituents also depends on the degree of de- 
composition which the tar has undergone in the retort, in 


_ the sense that compounds present in creosotes which have 
/ not suffered extensive decomposition are more complex 


and contain longer side chains.* 
The composition of creosote is also influenced by the 


' methods employed in the working up of the tar which in 


turn often depends on the market for products such as 
phenol and naphthalene. Consequently, the percentages 
of the individual constituents of commercial creosotes, so 
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far as can be ascertained from published analyses, may 
vary between the following wide limits : 


Aromatic hydrocarbons 30—8o per cent. 


ss 2 +, 0 «7+, > 5. +. ae 
Parafinas . OK) be UO 2) Te ee 
Unsaturated hydrocarbons . . . 0o-20 
Fn ea ee 
Naphthalene os ee 6 o—30 


These constituents differ widely one from another in 
their behaviour at high temperatures, and accordingly 
the results obtained in cracking a creosote would be ex- 
pected to be dependent upon its composition. 

Several investigators have ‘studied the thermal decom- 
position of these constituents separately, and their work, 
though not yielding any quantitative results applicable to 
carburetted water gas practice, indicates the nature of 
creosote most suitable for cracking purposes. 

Written in the light of this work, the following is an 
account of the reactions which the various constituents 
of creosote would most probably undergo when subjected 
to high temperatures. 

(a) THE THERMAL DECOMPOSITION OF 
PARAFFINS AND OLEFINES.’ 

The complex paraflins, boiling above 200° C., which 
exist in creosote, readily decompose to a simple gaseous 
paratlin—e.g., methane and an olefine. 


Cy Hg > Cy Hoa +t 


Parafhn Olefine 


CH, 
Methane 
The methane remains unchanged, the olefine undergoing 
further decomposition as follows : 


1. Complex olefines break down into simpler olefines, 
diolefines, and paraflins—e.g., 


CHe = CH — CHg — CHaR —» CHe2 = CH — CH = CH2 + RH 
Olefine Diolefine Paraffin. 


CH — CH, — CH,R —» RCH = CH, + C,H, 


or CH, = 
Olefine Simple olefine. 


Olefine 

Similar reactions continue until the final products are 

simple gaseous hydrocarbons, such as CH,, C,He, C.H,, 

&e.,; together with small amounts of hydrogen and aromatic 

hydrocarbons, the latter being formed by polymerization 
ot acetylene and unsaturated residues. 


2. Complex olefines produce naphthenes or cyclo- 
paraflins by condensation and polymerization, but 
this reaction does not occur to the extent of (1). 
Naphthenes so produced then decompose further by 
the loss of hydrogen, and give rise to aromatic com- 
pounds. 

(6) THE THERMAL DECOMPOSITION OF 
NAPHTHENES.* 

The naphthenes which exist in creosote are most prob- 
ably polycyclic hydrocarbons, C,H,,,, C,H,,, &c. 
but monocyclic compounds with complex side chains may 
be present. On decomposition in the presence of hydro- 
gen, the first reaction which takes place is a splitting off 
of the side chains, giving paraffins and simpler naph- 
thenes. The paraffins so produced then give gaseous 
hydrocarbons as described above. The simpler naph- 
thenes decompose as follows : 

1. Give paraffins by hydrogenation. 

2. Give aromatic hydrocarbons, such as benzene and 
naphthalene and hydrogen. Naphthenes are more 
resistant to decomposition by heat than ‘open chain 
paraffins and olefines, and are not so readily con- 
verted to gaseous hydrocarbons. 


(c) THE THERMAL DECOMPOSITION OF 
AROMATIC HYDROCARBONS.’ 


The monocyclic aromatic hydrocarbons present in coal 
tar are removed in the light and middle oils, leaving only 
polycyclic hydrocarbons, derivatives of naphthalene, and 
anthracene in the higher boiling creosote. These com- 
pounds on decomposition lose their side chains as 
paraffins, leaving the simple parent hydrocarbons, naph- 
thalene, and anthracehe. Further decomposition of naph- 
thalene and anthracene is difficult. They cannot be de- 
composed to monocyclic aromatic hydrocarbons, such as 
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benzene and its derivatives, but at high temperatures 
condense with the formation of still more complex tarry 
substances or decompose directly to carbon and hydrogen. 

Thus, aromatic hydrocarbons are not suitable for ‘he 
manufacture of gaseous hydrocarbons; the polycyclic 
compounds present in creosote on decomposition give rise 
fo large quantities of naphthalene and deposit excess ve 
amounts of carbon. 


(d) THE THERMAL DECOMPOSITION OF 
PHENOLS.* 


Monocyclic and polycyclic phenols may be present i: 
creosote. In the presence of the hydrogen of blue wa.-er 
gas the most probable change taking place in phenols at 
high temperatures would be a reduction to aromatic 
hydrocarbons. The latter would then be simplified further, 
as described previously, monocyclic phenols giving tise 
to benzene and toluene, polycyclic phenols producing 
naphthalene ‘and anthracene. 

In the decomposition of naphthenes; aromatic hydrocar- 
bons, and phenols the majority of the gaseous hydrocarbons 
obtained by cracking are evolved during the first stages 
of decomposition from the aliphatic side chains which 
are split off as paraffins. Consequently, the yield of gas 
obtained from these compounds will depend on the length 
and complexity of their side chains. As stated previously, 
the side chains are longer in the compounds present in 
creosote prepared from tars which have not been exposed 
to high temperatures. Hence such creosotes should be 
the most valuable for cracking purposes. 

The work which has been carried out on the thermal 
decomposition of the various constituents present in 
creosote lead to the following conclusions : 


1. Paraffin and olefines decompose with the production 
of large quantities of gas and small quantities of 
liquid and solid products. 

2. Aromatic compounds decompose with the production 
of large quantities of liquid and solid products and 
little gas. 

3. Naphthenes occupy. an intermediate position. 

From these conclusions it follows that— 


(a) Creosote oil with a high percentage of aromatic 
compounds and a low percentage of paraffins can- 
not be expected to yield such good results in car- 
buretted water gas manufacture as a petroleum 
gas oil, the main constituents of which are paraffins. 

(b) Creosotes which have been exposed to high tem- 
peratures in the retort with a consequent formation 
of heat-resisting substances, such as naphthalene 
and anthracene, are not as suitable for cracking 
purposes as creosote which have not been so 
treated. 


PART III, 


METHODS OF TESTING THE VALUE 
CREOSOTE FOR CARBURETTING 
WATER GAS. 


The testing of creosote can be carried out either 


OF 


(a) on the large scale in the usual carburetted water 
gas plant, or 
(b) in a laboratory apparatus. 


While the results of tests on full-size plants are more 
directly gapplicable to practice, laboratory investigatjon 
gives more rapidly an insight into the influence of the 
various factors involved. 

The results which have already been obtained in large- 
scale tests for creosote used without admixture with gas 
oil suffice to show that under the usual conditions of 
cracking which exist in the carburettor and superheater 
of a water gas plant, the thermal yield of oil gas obtained 
from the creosote is not sufficient to justify its use. This 
conclusion is arrived at without taking account of troubles 
caused by the deposition of carbon and naphthalene which 
would most probably arise. Consequently, it appears tat 
if it is possible to use creosote alone satisfactorily, success 
will only be attained by the introduction of somew 1at 
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extensive modifications to the method of working. The 
more readily changeable conditions of a small apparatus 
point to the desirability of commencing the investigation 
in the laboratory. 

If, however, as is more probable, mixtures of creosote 
and gas oil are used containing up to ro per cent. of 
creosote, the most favourable conditions of cracking 
will be determined by the gas oil rather than by the 
creosote, and consequently will be similar to those of 
modern practice. Thus it might be expected that full 
scale tests would be the more direct means of obtaining 
data on the behaviour of the creosote. It is difficult, 
however, to obtain such data from tests carried out on the 
large scale, when such dilute mixtures of creosote are 
used, since, in order to estimate the therms of gas ob- 
tained from the creosote to within even 10 per cent., it is 
necessary to determine the therms obtained from the 
mixture with an accuracy of 1 per cent. 

For example, suppose that when gas oil is used alone 
1°30 therms per gallon are obtained, and that in two tests 
(a) and (b), using a mixture of 10 per cent. creosote and 
go per cent. gas oil, the yields of gas are 1°24 and r22 
therms respectively. The variation between these last two 
figures is less than 2 per cent., but when they are used 
to estimate the yield of gas obtained from the creosote 
the following results are obtained : 


Therms from creosote 
= (a) 1°24 — (1°3 X *9) = 1°24 — 1°17 = ‘07 = 0'7 therms per gall. 
creosote. 
‘05 = 0°5 therms per gall. 
° creosote. 


(b) 1°22 — (1°3 X *9) ‘= 1°22 — 1°17 = 
Thus the variation in the therms obtained per gallon 
of creosote is— 


o°7 — 0'5 


—- = 30 per cent. approximately. 


The results obtained in tests on the large scale, carried 
‘out under the most careful supervision, would probably 
vary by 5 per cent. due to the difficulties caused by the 
intermittent nature of working and the methods of calcu- 
lation employed to obtain the results. As already shown, 
such a variation renders the results useless for deter- 
mining the behaviour of creosote when used as a mixture 
of 10 per cent. creosote + go per cent. gas oil. This 
view is confirmed by the results obtained in the tests 
carried out at London, in which such dilute mixtures of 
creosote were used. 

Thus the conclusion is again reached that small-scale 
experiments with the possibility of more accurate control 
ot the conditions of cracking and of measuring directly 
all the data required form the more suitable method of 
investigation. 


PART IV. 


PROPOSED PROGRAMME OF LABORATORY 
INVESTIGATION. 


One of the first points to be investigated in the labora- 
tory is the efficiency obtainable in the cracking of mixtures 
of gas oil and creosote. The experience at London indi- 
cates that such mixtures can be used on the large scale 
without mechanical difficulties arising, and if laboratory 
re sults showed that the thermal yield of gas is satisfac- 
tory, the use of creosote in this way could be advised, and 
this ‘would help to meet the present difficulties of creosote 
disposal. 

\n investigation of the use of creosote alone must, in 
the absence of any favourable results obtained in previous 
work, be of a fairly wide character. It is suggested that 

a rapid survey of the influence of the factors given below 
be made, the avenues for further investigation being de- 
pendent on the results obtained. 


(1) Temperature. 
2) Rate of creosote supply. 


(3) The nature of the atmosphere in which cracking 
takes place, with special consideration to the con- 
stituents of water gas—viz., hydrogen, carbon 
monoxide and dioxide, and water vapour. 


(4) The composition of the creosote. 








(5) The nature of the surfaces with which the gases are 


in contact during cracking. (In this connection, Dr. 
H. G.. Colman has pointed out that experiments he 
made during the war period suggested the advan- 
tage of a contact material of a basic character for 
certain purposes.) 
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Dr. H. G. Cotman: I have not much to add to Dr. Dent’s 
excellent summary, but there is one point which perhaps might 
be accentuated, and that is the extreme difficuity of determin- 
ing what are the results obtained from the creosote when the 
creosote comprises only 1o p.ct. of the oil mixture—the remain- 
ing go p.ct. being gas oil. The unavoidable experimental 
error which always occurs in large-scale working has to come 
back on the small quantity of creosote, so that a relatively 
small error—(say) 1 p.ct.—in tests on the large-scale plant will 
amount to 10 p.ct. or more on the creosote itself. I think this 
point needs to be borne in mind in all large-scale tests which 
may be made. It is very difficult indeed to obtain conclusive 
results, and therefore I am in agreement with the view that the 
first thing to be done is to obtain definite information in labora- 
tory apparatus, which can be controlled, and in which the ex- 
perimental error can be reduced; after that we can go on with 
the large-scale work. 

Mr. H. Hotiincs: There are two minor points to which I 
should like to refer. In the first instance, in regard to Test 
No. 6 in Table III., we have been a little surprised at the high 
yield of gas obtained when using this mixture containing 10 p.ct. 
of creosote in the water gas plant. But, as the table shows, 
the result has been obtained over a period of 28 days, or slightly 
longer, since this report was prepared. One reason for this 
very high gas yield may be that a small quantity of the oil- 
creosote mixture was being used per unit volume of gas—only 
0°79 gallon. Since this table was prepared, further tests have 
been carried out, in which larger quantities of the same mix- 
ture were used. The ‘gas yield has fallen slightly to 1°24 
therms per gallon of mixture when using 1°26 gallons of the 
mixture per 1000 c.ft. of gas. I hope that this further investi- 
gation which we are promised will have very close reference 
to the amount of tar formed during the cracking of creosote. 
Otherwise, my own feeling is that the next problem may be 
that of disposing of carburetted water gas tar, because I think 
there may be considerably increased yields of that bye-product. 

Mr. Joun WILKINSON (Nottingham): These are all difficult 
problems, and we shall have to persevere with our investiga- 
tions. Probably, as time develops, we may be able to divide . 
the creosote oil into two fractions, utilizing the first ourselves 
to the best possible advantage, and producing the second frac- 
tion as a sort of fuel oil for some kind of Diesel engine. 


EXPERIMENTS AT HULL. 


Mr. H. E. Copp (Hull): For some considerable period we 
have been experimenting on a practical scale with the use of 
creosote; I call it ‘‘ practical,’’ but probably it was grossly 
unscientific. It is pointed out in the report that in these tests 
it is necessary to determine the therms in the volume of blue 
water gas from which 1000 c.ft. of carburetted water gas are 
produced. Two methods are available for measuring this 
quantity: (1) By obtaining a carbon balance; (2) by calcula- 
tion from the gas analysis. Method (2) has been used in the 
tests reported, but is not so accurate as method (1). The Gas 
Light and Coke Company experienced trouble with naphtha- 
lene when using mixtures containing more than 1o p.ct. of 
creosote, but have worked for months without trouble on mix- 
tures of gas oil with 10 p.ct. of creosote. There is no positive 
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evidence that the thermal yield of gas obtained from a 1o p.ct. 
mixture of creosote with gas oil is greater than that given by 
the contained gas vil. In Lests 2, 3, 7, and 8 of Table IV., 
it appears that the thermal yicid ot on gas obtained from a 
mixture of creosote and a given amount of gas oil is not as 
large as the yield which would have been obtained from the 
same amount of gas oil without any addition of creosote. In 
other words, the creosote behaves as if it had a ** negative 
cracking etciency."’. ‘iis was also found at Hull. On the 
other hand, in Test 6, the very favourable result of 11 therms 
for the creosote is obtained. Such results are difficult to ex- 
plain; and it is doubtful whether it is possible to obtain on 
a large scale plant indications of the behaviour of creosote 
when it is considerably diluted with gas oil. Creosote is 
mainly aromatic, consisting of ring compounds which are 
difficult to split up. Gas oil consists largely of paraffins 
and naphthenes,~ with some | unsaturated and aromatic 
compounds, Paraffins and olefines decompose on cracking, 
with the production of large quantities of gas and smail 
quantities of liquid and solid products. Aromatic compounds 
jorm large quantities of liquid and solid products and littie gas. 
Naphthenes occupy an imtermediate position. Creosote, 
therefore, cannot be expected to yield such good results on 
cracking as gas oil. Further, low-temperature creosoies (e.g., 
from verticai retorts) are more suitable than horizontal retort 
creosotes. Owing to difficulties of measurement and of con- 
trolling conditions on large-scale plant, it is suggested that a 
jaboratory investigation be made on the influence of tempera- 
ture, rate of oil supply, nature of cracking atmosphere, com- 
position of creosote, and nature of cracking surfaces upon the 
cracking results from creosote, I imagine, though I do not 
know definitely, that the light quality of creosote which is pro- 
duced in vertical retoris wul probably be found more suitable 
than the heavier variety for cracking in water gas plant. 


QUESTION OF STORAGE. 


Mr. F. Firru (Leeds): 1 think the first object of this re- 
search was the economic disposal of creosote, with the idea of 
relieving the market. So tar as the price is concerned, this 
is fixed by the price of gas oil, and seeing that, according to 
the experiments so far conducted, three gallons of creosote are 
equivaient to one gallon of gas oil, the value of creosote for 
this purpose is about ijd. per gallon, so that from this point 
of view there is not going to be much in it. With regard to 
the mixing of gas ou and creosote, | would put forward the 
suggestion that, whereas gas oil is a fairly uniform body, 
creosote can be anything in a tar works. ‘Lhe creosote tank 
in a tar works is the dump for any unclassified oil. Thus, 
though by research we can discover what can be done with any 
particular creosote, does it follow that we can do the same with 
creosote as it is turned out by the tar works? ‘This is an in- 
teresting point. It is said that the creosote from tar from ver- 
tical retorts is more likely to be a success than that from hori- 
zontal retorts. This may be so; but if we are going to utilize 
vertical retort tar, it must be stored separately at the gas-works, 
und also at the tar works, so that extra storage facilities will 
be necessary, and this factor will increase the cost of produc- 
ion. With tarther reference to the experiments in which gas 
oil has been used with creosote, |.suggest that these two oils 
are entirely different bodies, and possibly the temperature suit- 
able for cracking the one is not suitable for cracking the other. 
It may be that the 10 p.ct. of creosote oil in the mixture may 
be practically an inert, so that we may be getting nothing from 
it—and the results obtained to date seem to point that way. 
We might deal with creosote alone. We carried out some ex- 
periments at Leeds, using a method which we discovered acci- 
dentally. The idea was to use creosote alone, but we experi- 
enced the difficulty that, owing to the cracking of the creosote, 
the feed tube became choked up every time we put the creosote 
through it, and we had to find a way of getting the creosote 
into the retort. This could be done by using a Water-jacketed 
tube, but the results of our experiments were required almost 
immediately, and we had not time to provide such a tube. 
Chen we hit upon the idea of injecting water with the creosote 
vil; the idea being that the latent heat of evaporation of the 
water would be sufficient to keep the temperature of the tube 
low enough to avert cracking until the creosote oil had g 
into the retort. This proved very successful, and we never had 
a choked pipe afterwards. Having got the creosote oil into 
the retort, the results ubtained from the cracking point of view, 
were rather encouraging. We obtained with the creosote oil 
about 70 p.ct. of the yield from gas oil, Probably, therefore, 
investigations into the treatment of creosote in an atmosphere 
of (say) steam might with advantage be made, 


sot 


Neep ror ‘TACKLING THE CREOSOTE SITUATION. 


Mr. W. Crark Jackson (Neath): These experiments are of 
very great interest to the industry, in view of the falling market 
for tar this year, and the still lower price which tar is likely 
to command for some considerable time to come. The situa- 
tion imposes upon us an obligation to do all we can to take 
some of oir creosote off the market, and to use it in our works 
it possible, because, though it might not pay us directly to use 





it in place of gas oil, it might pay us indirectly by helping us 
to get a higher price for our tar. Is it neeessary for us, as 
individual members of the Institution, to do all we can to 
utilize creosote and so take some of it. off the mark. t? 
Secondly, are we sure that, as the result of using mixtu es 
containing 10 p.ct. of creosote, we are not going to experic: « 
considerable troubles in our water gas plant—troubles wh ch 
we cannot easily overcome? Thirdly, have any difficulties b: cn 
experienced in properly mixing the gas oil and creosote oil * | 
am wondering whether there have been difficulties due to ihe 
separation of the gas oil and the creosote oil in accordaiice 
with their respective specific gravities, and, if 60, what st ps 
have been taken to-overcome them, 


WorkK At COVENTRY. 


Mr. P. N. Lancrorp (Coventry): We have been experime.it- 
ing for some time at Coventry, using a mixture of creosote and 
gas oil containing 10 p.ct. of the former, and our results «p- 
proximate to those referred to in the Twenty-Fourth Report. 
One difficulty we experienced, as the result of the mixing of 
creosote with the gas oil, was that there was a decided precipi- 
tation or deposit in the mixture, which choked up the valves 
of the pump supplying the mixture to the carburettor. We are 
now delivering the creosote direct to the spray, and have a 
separate pipe tor the gas oil, That has been in operation ior 
only a week so far, but it has worked satisfactorily, and there 
has been no choking of the spray. I hope the Research Com- 
mittee will give very serious consideration to the quality of the 
creosote oil and to the necessity for a stringent specification, 
because, if members start experimenting and put their creosote 
into their big storage tanks, they will be asking for trouble, 
due to the deposition which will occur in those tanks. If we 
can use 10 p.ct. of creosote with our gas oil, and thereby take 
olf the market some of the creosote, Which is depressing the 
price of tar, we shall be doing something helpful to the in- 
dustry. 


CREOSOTE AS A FUEL. 

Mr. IT. F. E. Rueap (Birmingham): I should like to ac- 
knowledge how indebted we are to the British Gas Light Com- 
pany and the Gas Light and Coke Company. I saw the Gas 
Light and Coke Company’s experiments, and admired the 
temerity of the engineer who put this mixture into a brand 
new automatic water gas plant. We in Birmingham have con- 
sidered the matter, and, after hearing of the experiments, we 
have decided to wait awhile. It is rather interesting in this 
connection to recall that two years ago I carried out some 
experiments in Birmingham on the cracking of vertical retort 
tar itself in vertical retorts, and experienced no end of difii- 
culty through either the blocking-up of the retort with pitch 
coke or the blocking-up of the whole of the ‘tar system outside 
the retort. About four gallons of tar were equivalent to one 
gallon of gas oil. In the laboratory, about three gallons of 
creosote were equivalent to one gallon of gas oil; and this is 
in accordance with the findings of others. There is another 
aspect of the creosote problem, however, and that is the possi- 
bility of burning creosote as a fuel. Most people who are using 
coke dust for tuel will find that it will not pay them to burn 
creosote instead unless the price of the latter is about a half- 
penny per gallon, but people who are now using more expen- 
sive tuel might find that it would pay them just as well to use 
creosote as a fuel as to crack it in the water gas plant. 

Mr. C. E. Wricur (Ipswich): We at Ipswich have been 
working on the lines referred to by Mr. Rhead, and find that 
creosote has not quite half the value of gas oil. We have alsu 
been experimenting on the burning of it under boilers, and 
probably we shall find that about 3 tons of creosote is equal 
to about 5 tons of coal. It appears, therefore, that, if at present 
one is burning coke or some inferior fuel, one will not gain 
much direct financial advantage by using creosote in its place ; 
but one would be helping to solve the problem of creosote dis- 
posal. 

CRACKING CREOSOTE FOR BENZOLE. 


Mr. L. H. Sensicre: I should like to know if any work h 
been done to determine what proportion of the naphthenes in tly 
creosote are polycyclic and what proportion are single-ring 
hydrocarbons, because, in the cracking of naphthenes, aromat 
compounds are formed, and possibly one might get benzol 
in the water gas. Assuming one is using 100 p.e¢t. creosote, it 
might be worth considering the scrubbing of the gas made in 
in order to obtain benzole, which has an intrinsic value cor- 
siderably higher than that of the original creosote used. Anothe: 
point which has occurred to me is that it would be inadvisab 
to use creosote containing tar acids, for the reason that t: 
acids are worth many times as much as creosote, so that 
would be worth while scrubbing them out. 


Dr. Dent’s Repty. 

Dr. Dent, replying to the discussion, said: I should li! 
to thank the various speakers for their contributions and su: - 
gestions. With regard to the question as to whether it 
safe to mix 10 p.ct. of any type of creosote with gas oil, and 
to put it into a water gas plant, all I can say is that in t 
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Ingo JM, 


URING the past twenty years, the 

makers of vitreous enamelled products 
have made great improvements in the quality 
of their merchandise. These improvements 
have been perfected because of close co-operation 
by those industries, furnishing raw materials. 


HIS is particularly true for sheet metal 

enamelling. Speciality manufacturers have 
studied the problems of the enameller and have 
endeavoured to overcome every difficulty en- 
countered, 


EARS ago the ARMCO Organisation 

began studying the enamellers’ problems 
with a view to producing a base sheet that would 
cut to a minimum the rejections encountered 
both in the forming and in the enamelling 
processes. This Corporation was at that time 
making a pure iron sheet, which, with its very 
small amount of impurities, it was felt would 
reduce such faults as blisters, pin holes, and 
other surface defects. This pure iron— 
ARMCO eIngot Iron—also possessed a soft 
homogeneous surface structure which would 
cause the enamel to adhere more tightly than 
would be the case on an ordinary steel surface. 
A further study was made to give superior 
drawing and stamping qualities to ARMCO 
Ingot Iron so that it would be the ideal base 
for special enamelling. 


”T“HE present ARMCO Ingot Iron Enam- 

elling sheet is the result of this manufac- 
turing research. In this product all of the 
slesirable qualities of base metal for enamelling 
have been developed to a maximum. 





HE use of enamelling sheets of 
ARMCO Ingot Iron will cut manufacturing 
costs to a minimum because— 


&% ARMCO Ingot Iron sheets are always 
uniform in quality, thereby permitting 
standardisation of the enamelling process. 
When using steel or puddled iron enamel- 
lag sheets, it is frequently necessary to 
vary the process to meet the peculiarities of 
different lots of material. When ARMCO 
Ingot Iron is used, however, this variable is 
e] minated. 


= ARMCO Ingot Iron is free from gases and 
other impurities that cause blisters, fish 
scale, and pin holes. 


= _ It is dense, homogeneous, and uniform, 
thereby insuring a close uniform adherence 
of the enamel coating, with an abs nce of 
flaking which very often occurs in service. 


<%& It possesses superior qualities for forming 
and drawing into the shapes desired by the 
manufacturer. 


&> Its combination of good qualities prcduces 
an article that will sell because it is both 
serviceable and beautiful. 


& Its use results in a greater percentage of 
perfect pieces, fewer rejections, etc. 


The Armco International Corporation 
64, Victoria Street, Westminster, London, S.W.1. 


Telephone: Victoria 1426 G& 1427. 





INGOT IRON IN GREAT BRITAIN.—Ingot Iron is made in Great Britain for The Armco International Corporation by 
The Shelton Iron, Steel and Coal Co., Ltd., The Scottish Iron and Steel Co., Ltd., and Guest, Keen and Nettlefolds, Ltd. 
By exclusive arrangement, The Scottish Tube Co., Ltd., is the Sole Producer of butt-welded and lap-welded Tube and 
Pine up to 12 in., and Guest, Keen and Piggotts, Ltd., over that size. 
the Sole Producer of Wire, Welding Electrodes, and Cold-Rolled Strip from “Armco” Ingot Iron. Tyer & Co., Ltd., act as 
Acents for The Whitecross Co., Ltd.. for the sale of “Armco” Ingot Iron Wire to Postal Authorities, Cable & Railway Companies, 


WRITE FOR FREE 


ILLUSTRATED BOOKLET 


Telegrams: Armcoingot, Sowest, London. 


The Whitecross Co., Ltd., is by like arrangement 
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experiments carried out in London, in which the 10 p.ct. mix- 
ture was used, and which demonstrated that such mixtures 
could be used continuously, a light creosote was used. We do 
not know what would be the result of using a heavier creosote. 
I understand from Mr. Hollings that, when using the light 
creosote mixed with gas oil, he has experienced no difficulty 
due to the deposition of solid matter. 

At the moment I do not know of the carrying out of any 
investigations which would enable me to answer. definitely 
Mr. Sensicle’s question about the naphthenes, but, bearing in 
mind that creosote is a fraction “which boils above about 200°, 
if there are any monocyclic naphthenes present they must have 
very complex side chains to bring the boiling-point up to that 
temperature, 

Prof, Coss: I do not think I need add anything to what 
Dr. Dent has said in direct comment on the contributions to 
the discussion, but I think that one point which emerges is 
(and I hope the meeting agrees) that our next step plainly 
should be the one that we had provisionally determined upon— 
i.e., to make a few definite experiments in the laboratory. I 
cannot pretend to any great feeling of optimism abcut the re- 
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sults, but we approach. this matter scientifically, in a neutra! 
frame of mind, in order to discover what there is to be got out 
of it; and we shall report to you when our experiments are 
completed. One or two references have been made to such 
modifications of the cracking process as might be brought 
about, for example, by mixing with steam. There may be 
something in this, though I can quite see that there would 
be commercial difficulties in its application. But I think 
it is worth following up along those lines. Mr. Firth has al- 
ready done something in that direction, and has referred t 
his results. Of course, one effect of using steam is that th: 
process is.no longer a cracking process pure and simple; o! 
necessity it begins to be a process of partial combustion wit! 
the oxygen which is supplied by the steam, and to that exten 
we get a complication, which ought to be considered and fol 
lowed.up in its different bearings. But I am convinced tha 
it is worth while following up. 

The other matter I should like to mention is the suggestion 
that it would be a mistake for members of the Institution t 
rely entirely upon the vain promise of this method of utilizing 
creosote. | am entirely in agreement with that opinion. 





REPORT OF THE REFRACTORY 


The Presipent: Before we consider the Report of the Re- 
yiractory Materials Joint Committee, I have, unfortunately, to 
read a letter which arrived this morning from Mr. John P. 
Leather, the late Chairman of the Committee. It is written 
from Letchworth Hospital, dated Nov. 11, and in it Mr. 
Leather states : 

I had meant to communicate to-day to the Secretary of the 
Institution my intention to be present at the discussion of the 
Refractory Materials Report. This, however, is now out of the 
question. I was knocked down by a motor-car on Saturday 
night, and, in addition to minor bruises, have a compound 
fracture of the right leg, which will make me a prisoner here 
for some considerable time to come. 


I am sure you will all endorse the action taken by the 
Council on receipt of this letter this morning. We sent a long 
telegram to Mr, Leather, expressing sorrow on your behalf. 
We are all sorry that this accident has occurred to Mr. Leather, 
and we hope he will very speedily recover. [Hear, hear.] He 
has been Chairman of the Refractory Materials Joint Com- 
mittee for a very long time, and resigned only about a month 
ago. 

Since Mr, Leather’s resignation we have been fortunate 
enough to have persuaded Dr. H. G. Colman to accept the 
dutjes of Chairman. [Applause.] We believe that he is the 
right man for this position. 

Because refractory materials are vital to our industry, this 
report will, no doubt, have commanded the attention of all of 
you. The British Refractories Research Association have 
carried out valuable work in the past for the ceramic industry, 
and no small portion of their efforts has dealt with problems 
connected with the gas industry. As gas engineers, we are 
primarily interested in the findings rather than in the intricate 
details of the research. The ceramic industry is of equal im- 
portance to our own, and it is only natural that we look to the 
experts in that industry for advice in using the materials they 
manufacture Knowledge of the behaviour of refractory 
materials has made possible the much greater yields than 
formerly in carbonization, The adoption of silica without 
some knowledge of its behaviour would have been a very costly 
experiment. The report for discussion contains a fund of in- 
formation, and to busy gas engineers the preparation of ab- 
stracts, so ably done by Mr, Dale, will be greatly appreciated, 
We are all interested in heat insulation of retort settings, and 
the report dealing with heat insulating materials will be valu- 
able to the manufacturers of such materials. Surface flaking 
of vertical retorts has been investigated ; slower scurfing and a 
little more use of the rod are suggested as preventive measures. 
Hot patching cements are valuable to us, and I am very inter- 
ested to note the progress made with this problem. We are 
told definitely what properties a successful hot-patching cement 
should possess. We anxiously await the results of actual 
works trials. The after-expansion of silica refractories for 
carbonization plant has been examined, and we appreciate the 
careful experimental work it has entailed. The value of such 
work is made apparent when we learn that, after careful con- 
sideration, the Committee do not think it advisable to introduce 
a test for specific gravity into the Standard Specification, 


MR, DALE’S ABSTRACT OF THE REPORT. 
Presented by Dr. CoLman. 


This report contained abstracts of the following papers pre- 
sented to the Institution by the British Refractories Research 
Association, by permission of the Committee of the Privy 
Council Committee for Scientific and Industrial Research, 


MATERIALS JOINT COMMITTEE. 


EFFECTS OF TEMPERATURE ON Heat INSULATING MATERIALS. 
By A. J. Date and F. WHEELER. 


In a paper presented to the Institution in 1928 (Dale and 
Green), the present state of practice of insulating carbonizing 
plant was reviewed, and two difficulties were specially em- 
hasized—(a) the low mechanical weakness of most types of 
insulating bricks; (b) their shrinkage tendencies at relatively 
moderate temperatures. Mechanical weakness is serious when 
the insulation is external; shrinkage is undesirable if the in- 
sulation is external or internal, since the opening of joints 
allows such additional heat loss by convection as to nullify the 
expected heat conservation, Ten samples of commercially 
available heat insulating products were therefore examined. 
Cold crushing strengths varied between 187 and 645 Ibs. per 
sq. in. Failure under a load of 4 lbs. per sq. in. commenced 
at temperatures between goo° and 1400° C., and became rapid 
at temperatures between the limits 1080° and 1500° C. accord- 
ing to the nature of the material. As regards contraction under 
no load, a two-hour test at goo® C. gave figures varying between 
zero and 2°6 p.ct. ; after a further two-hour heating at 1000° C., 
the limits were zero and g‘2 p.ct.; while a still further heat 
treatment of two hours at 10009 C, recorded limiting figures for 
contractions of zero and 12 p.ct. The conclusion reached was 
that preliminary testing of insulating material in the manner 
described is desirable, and that a satisfactory compromise be- 
tween thermal economy and structural stability should be possi- 
ble as the result of laboratory testing. 


EXPERIMENTS ON FROTHED CLays. 
By S. R. Hino. 


The aim of this work was to produce a highly porous re- 
fractory for high-temperature insulation. China clay and ball- 
clay slips were frothed by mechanical agitation ; the froths were 
stabilized by a chemical addition, and were then dried, fired, 
crushed, bonded, and re-fired into slabs for testing. Con- 
ductivity determinations showed that the products fell within 
the range of high-temperature insulating materials. Further, 
it was reasonable to assume constancy of dimensions up to 
temperatures of at least 1250° C. 


AFTER-EXPANSION AND TRUE SPECIFIC GRAVITY OF SILICA 
REFRACTORIES FOR CARBONIZING PLANT. 
By A. J. Dave, H. T. S. Swattow, and F. WHEELER. 


In general, fireclay refractories contract during heat treat- 
ment at high temperatures ; silica materials expand. 

In its present form, the ‘ after-expansion ’’ specification for 
silica refractories demands that standard test-pieces, when 
heated to a temperature of 14109 C, and maintained at that 
temperature for two hours, shall not show an after-contraction 
or expansion of more than o0°5 p.ct. With the advent of higher 
carbonizing temperatures, it has been questioned whether a 
testing temperature of 1410° C. for such a relatively brief period 
is sufficiently severe. Is not 15009 C. a more reasonable testing 
temperature? This repert accordingly presents and considers 
several hundred results bearing on the problem. The more im- 
portant indications of the review suggest that: (a) Silica bricks 
with a specific gravity of less than 2°36 show a permanent linear 
change of less than o’5 p.ct. when tested at 1500° C. for ‘two 
hours. (b) When the specific gravity of silica bricks excee's 
2°37, the after-expansion at 1410° may or may not be less th 
o’5 p.ct. However, at the higher testing temperature 
1500°, the after-expansion increases, and, with a specific gravi y 
greater than 2°40, an after-expansion of approximately 2 p. t. 
was recorded, (c) A testing temperature of 1500° emphatica |y 
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reveals a tendency towards permanent volume increase with 
silica matéfials of which the specific gravity exceeds 2-40. 
Furthermore, this tendency is not clearly demonstrated by the 
result of a short-period test at 141092 C. Other relevant but 
tentative conclusions are also given. 


Surrace FLAKING oF VERTICAL RETorts. 
By A. J. Dace and V. Hackney. 


This report records experimental investigation of the cause of 
surface flaking of a siliceous vertical retort bed during scurfing. 
The conclusions reached are that this type of flaking is caused 
by surface strain developed during the incandescent combustion 
of the scurf. Such strain is the result of the conversional ex- 
pansion of the brickwork at the high surface temperatures pro- 
duced by combustion of the scurf, coupled with the contractile 
tendency of the adhering scurf at these high temperatures. 
Data bearing out these inferences are recorded. In the par- 
ticular case investigated, it is concluded that slower scurfing 
and a little more use of the rod might possibly be an advantage. 


INFLUENCE OF OXIDIZING AND REDUCING ATMOSPHERES ON 
RBPRACTORIES. 


By H. T. S. Swattow. 


The results were obtained on commercial firebricks containing 
varied quantities of iron, estimated as Fe,O,. This work has 
revealed many points of interest in relation to the adverse in- 
fluence of reducing gases and icularly of steam; but it has 
also established that refractories are easily obtainable which, 
with suitable design of furnace, render such adverse influence 
almost negligible in retort furnaces. The work is still being 
continued, as various developments may be looked for having 
possible practical importance to industries other than the gas 
industry. 


Procress Report on Hot-PatcHinc CEMENTS. 
By A. J. Date and V. Hackney. 


In this note, preliminary investigation on hot-patching 
cements are described. A variety of mixtures were included in 
the work, and were subjected to cracking trials and modulus of 
rupture measurements after various heat treatments ; they were 
also tested for constancy of dimensions or for ‘“ fit”? between 
refractory and cement. 

A review of the problem suggested that a successful hot- 
patching cement for retort work should conform ‘to the following 
conditions : 


(a) Should be sufficiently refractory for the temperature at 
which it is to be applied, yet should vitrify enough to 
enable it to resist the abrasive action during change and 
discharge, or, in the case of verticals, the abrasion caused 
by downward movement of the coal or coke. 

(b) Should not become brittle, powdery, or non-plastic until 
well in position. 

(c) Should not disrupture while the water or other plasticizer 
is being eliminated. 

(d) Should not interact unduly with adjacent retort material. 

(e) Should give a slight permanent expansion at the normal 
working temperature, or at least show a minimum of 
permanent contraction on prolonged exposure at this 
temperature. 

(f) Texture may need to be adjusted to suit circumstances of 
use—e.g., fine texture for small repairs. 


Attention is directed to the value of cellulose liquor as a 
plasticizer. The minimum percentage of fine grog (i.e., through 
a 30’s mesh) other than silica would appear to be 50. Fine 
aloxite is most promising as a grog, and, in general, a siliceous 
fireclay as a bond. For cements used in silica work, as much 
as 7 p.ct. of powdered bottle glass (through 30’s mesh) may be 
included with advantage. 

_ A series of actual works trials on carbonizing plant ‘s now 
contemplated, and the results will be reported as and when 
available. 

Discussion. 


Mr. C. R. F. Threlfall then read the following written com- 
munication from Mr. Frank West : 

Apart from my official interest in refractories research, I 
invariably look forward to the annual presentation of new data 
on this intricate subject by the Refractories Committee, for an 
appreciable amount of progress in this technology has sprung 
from the interest of the Institution. My own career privileges 
me to look at refractories problems from the points of view of 
the manufacturer and the user. From this double aspect, it is 
my considered opinion that conspicuous strides in the evolution 


of a technical basis for the manufacture and use of refractory, 


materials have been made during the past ten years, We are 

beginning to appreciate limitations, which is a very healthy 

sign. Personally, I consider the realization of such an attitude 

of mind a sufficient recompense for money spent on research. 
The present report divides itself into consideration of : 


(1) Insulating materials. 
(2) The specification testing of refractories. 
(3) Certain features of retort work. 





The critical review on the thermal insulation of retort settin: s 
by Messrs. Green and Dale in last year’s report indicated ti e 
necessity for further knowledge concerning the structur:| 
stability of insulating materials at working- temperature. It is 
therefore interesting to note that the present report points out 
the contractile nature of diatomaceous bricks at 1000° C, or s., 
and gives some quantitative definition of this feature, Man» - 
facturers of insulating bricks will welcome this conclusio., 
which is in keeping with their usually ebserved practice. 

The laboratory work on the specific gravity and afte .- 
expansion of silica bricks has been carried out, and much da 
have been reported. The after-growth of silica settings is veiy 
undesirable, since it can cause severe strains in the brickwork 
structure. It is, therefore, necessary to have tests which cir 
cumscribe the after-expansion of the retort materials of co: 
struction, The after-expansion test gives helpful data, bi 
there are reasons to believe that the specific gravity test is not 
an invariable indication of the extent of the after-growth 
retorts. 

The influence of carbonizing conditions on the durability o 
retorts is a many-sided problem of vital interest to members o 
this Institution. For the solution of the many problems con 
nected with this phase of the usage of refractories a vast amou: 
of research—which will, necessarily, be costly—is required. 
desire to emphasize this point, because it will be to the ultimate 
great gain of the gas industry to have the selection of refrac- 
tories placed on a sure technical basis. Such a basis can only 
be arrived at when the conditions of retort working are 
thoroughly understood. It is with this knowledge that I wel- 
come the contributions on surface flaking and hot patching, 
While these papers are preliminary in outlook, they at least 
point in the direction of meagreetive understanding. I am per- 
sonally interested in the sutface flaking problem, and my firm 
have spent considerable ‘time and energy in its study. We have 
investigated many cases and subjected samples to laboratory 
testing. Though our interpretation of the trouble differs in 
some detail from that put forward by Messrs. Dale and 
Hackney, the ‘general principles are very similar. We look for- 
ward to further plant work on hot-patching cements. This 
work appears to me to be a research which necessitates verifica- 
tion on an industrial scale before an opinion can be expressed. 


NEED FOR FurRTHER Data ON CONDUCTIVITY. 


Lieut.-Col. W. M. Carr (Stretford): The work done during 
the last twelve months has carried us another step forward. | 
am ‘hoping, however, that possibly in another year research will 
be conducted in regard to conductivity, because it seems to me 
that we are lacking in reliable data on the conductivity of vari- 
ous admixtures of refractories. Such data would be of vital 
importance to us. who are concerned with carbonization pro- 
blems in considering what results we are likely to get, because 
the effect of conductivity on the rate of carbonization, on 
throughput, and on fuel results is very great. I have been 
fortunate in that I have been able to instal three identical set- 
tings—one in fireclay material, one in siliceous material, and 
one in 95 p.ct. silica material. I was able to start them work- 
ing on the same day, and have been endeavouring during the 
last two years to keep them working under practically identical 
conditions. Of course, it is impossible to keep combustion 
chamber temperatures identical throughout the whole period, 
but I have maintained a careful daily record of the temperatures 
and the throughputs from the bed, and also, as accurately as it 
can be measured, the fuel consumption. Thus, I am obtaining 
data on a practical basis, but I do feel that some laboratory 
research might also be carried out in order to obtain further 
data onthe conductivity of the materials we are using. With 
regard to after-expansion of silica refractories in carbonizing 
plants, the main findings, as stated in the report, appear to be 
that the duration of heat treatment of the refractory has not 
been sufficiently long in all cases to secure the minimum after- 
expansion; and it does appear to me again, from my own ex- 
perience of silica retorts, that after-expansion and spalling are 
very closely related, and that possibly some of the flaking whic! 
we get is inter-connected with the corisideration of after-expa' 
sion—in other words, that the flaking may have been caus: 
partially by expansion, and the mechanical removal is effecté 
by the scurf. I should like to congratulate the Research Com 
mittee on the progress made during the year. 


SPALLING OF RETORTS ON SCURFING. 


Mr. T. F. E. Rueap (Birmingham): I think the suggesti: 
made in the report with regard to the spalling of the retorts 0: 
scurfing is probably the most plausible yet put forward, I have 
often noticed that, on scurfing, we get a very high temperature 
through the burning of the carbon, and I always suspected th 
this was the cause of spalling. Certainly I had not hit on the 
idea that there were possibly a contraction of the scurf and a 
expansion of the brick occurring simultaneously. I do not lik 
the suggestion as to increased rodding, and I think membe 
should resort to it very sparingly; one should exercise great 
caution before starting to use it in a wholesale manner. Ina:- 
much as one of the objects in scurfing is to keep down t! 
temperature and yet consume the carbon, it occurred to me 
ask whether it would not be worth ile admitting to the ret: 

a small quantity of steam with 1ir—whether the stea: 
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carbon reaction would help to nullify the intense heat produced 


by the burning scurf. 

With regard to the specific gravity test, I think we are right 
in concluding that this test is not reliable. At Birmingham we 
have had experience of a good many materials which were sent 
in by different makers. Some of the materials are obviously 
made of quartzites, with a very slow conversion rate, so that 
they need an extra amount of burning. We have frequently 
come across material which will pass the test at 1410°, and at 
1500° have shown as much as 1 or 2 p.ct. after-expansion. 
Even 1450° C. is not sufficiently high, and I suggest that the 
Committee should raise that testing temperature to 1500° C. 
With regard to the problem of jointing cements, it seems re- 
markable that we go to such trouble as we do in getting silica 
material which has no after-expansion, and yet use jointing 
cements which will expand to the extent of 2 or 3 p.ct. at work- 
ing temperatures. A counsel of perfection is to use a jointing 
material made from burned silica. The practical difficulty 
there, however, is that ‘‘ trowelability ’ is particularly low. I 
am wondering whether the plasticizer cellulose liquor would 
help us to overcome the difficulty, whether this substance will 
make the jointing material sufficiently plastic to enable the 
bricklayer to carry out his work satisfactorily. We have a 
formidable list of desirable properties of hot-patching cements 
in this report, but I would add another—namely, that a hot- 
patching cement shall not contain material which is easily at- 
tacked by the ash constituents of the coal. If you have a joint- 
ing cement containing any aluminous matter, it is soon attacked 
by the volatile salts, &c., from the ash constituents of the coal, 
and commences to flux. Again, when you have a perfect 
cement, you have to consider a method of application while the 
retort is hot. With vertical retorts, 25 ft. deep, it is a problem; 
but I daresay you are aware of the work which is being done 
by the various firms with a view to overcoming this difficulty. 


INSULATING BRICKS. 


Mr, A. Epwarps (Beckton): The first part of the report, 
dealing with the effects of temperature on commercial heat- 
insulating bricks, is very appropriate. In determining the suit- 
ability of a brick for insulation purposes, we have usually sub- 
mitted it to a temperature of 10009 C. as a matter of routine, 
and in only a few cases have we found bricks capable of with- 
standing that very severe treatment. There are two main varie- 
ties of insulating materials. One is made from fireclay, with 
which is incorporated some combustible material in order to 
provide porosity, and the other is made from Kieselguhr or 
diatomaceous earth. From one point of view the latter is per- 
fection, but invariably this material is not kilned by the manu- 
facturers to a temperature which will reduce the contraction at 
1090° C., and undoubtedly, in our settings, the material should 
be able to resist that temperature. We have found one material 
of a Kieselguhr nature, however, which will withstand a tem- 
perature of 1000° C. It is a Continental product, and I am not 
sure what is the peculiar constituent used in its preparation, 
It has a higher porosity than any of the materials noted in the 
paper, reaching 86 p.ct. invariably and consistently, and there 
is no shrinkage whatever when the brick is maintained at a 
temperature of 10009 C. for 17 or 24 hours. We invariably use 
that brick. I would like to suggest that this material was 
actually kilned at or above 1000° C., and that the manufacturer 
removed the shrinkage and actually shaped the brick after 
firing. I think the failure of our own manufacturers to produce 
these diatomaceous materials has been due to their having at- 
tempted to avoid the distortion which invariably takes place 
when the brick is kilned, which makes it necessary to shape the 
brick afterwards ; they have probably kilned at a temperature of 
700° or 800° C. Ordinarily most of these materials will with- 
stand temperatures up to 700° or 800° C., but at goo°® or 
1000° C, they begin to shrink. 

With regard to insulating inefficiency, we can point to set- 
tings in which insulating material has been incorporated, but 
where the heat radiated from the front is quite equal to that 
radiated from furnaces in which no material whatever is in- 
corporated, solely because the material has shrunk so badly as 
to leave cavities through which an enormous amount of heat is 
able to pass. The failure of fireclay bricks is due to their low 
porosity. There is no difficulty in making a fireclay insulating 
brick which will withstand treatment at 10009 C. Most of the 
bricks referred to in the report have not contracted, or have con- 
tracted very little, at 10009 C, But they have not that high 
insulating value which can be obtained in the diatomaceous 
products, which are extremely finely divided, and contain an 
enormous number of pores, and, because of this, shrink at 
1000° C, 

The researchers have applied the modified Mellor and Moore 
test to refractories, and in Table II. they give particulars of the 
subsidence in a number of bricks under a static load of 4 Ibs. 
per sq. in, They give in respect of each brick the temperature 
at which subsidence commences, the temperature at which sub- 
sidence accelerates, and the temperature at which the extent of 
collapse reaches about 14 p.ct. Brick C I commences to slump 
at 1170°, the slump accelerates at 1220°, and at 1450° C. the 
brick has slumped to the extent of 1 in 7. They submit these 
bricks to a soaking temperature, and at a soaking temperature 
of 1150°, which is 70° below the point at which subsidence 








begins to accelerate, there is a contraction of 5 p.ct. This points 
to the inapplicability of the low-load test as a true test of the 
real refractoriness of this material. In the case of brick C |, 
even at a temperature of 1000° C., which is 170° below ‘he 
temperature at which subsidence commences, the contraction i, 
considerable (0°8 p.ct.). The application of the load test in any 
future work conducted by the Refractories Research Commitice 
should be amplified by some long-period soaking -tests on al] 
materials. We have found in practice that materials which we 
have considered, as the result of the load test, to be sufficien ly 
refractory have failed at temperature 200° or even 300° below 
the temperature at which it was assumed (on the basis of the 
load test) they would fail. I think the reason is that they are 
not under load for a sufficiently long time to enable those factors 
which bring about failure to make themselves evident. It is of 
no use deluding ourselves by applying tests which indicate a re- 
fractoriness 100° or 200° higher than is actually the case. 


AFTER-EXPANSION OF SILICA. 


I notice that work has been done on the after-expansion of 
silica material, and I should like to bring it to the notice of the 
Committee that there are other means than those stated of 
ascertaining whether quartz is of the required specific gravity. 
It can be done optically, in. more ways than one. On ex- 
amining silicas submitted to us, we find that hardly any two of 
them behave exactly alike. As Mr. Rhead has said, there are 
quartzites on the market the conversion of which occupies an 
inordinately long time; but the point is that ultimately they do 
convert. One of the materials used extensively in a vertical 
retort requires more than three weeks at a temperature of 
1370° C. to convert—i.e., to reach a specific gravity of 2°33. 
When treated at 1500° C. it shows no sign of conversion in the 
short time one could give to it in the laboratory. We have 
raised the temperature to 15609, and it has shown no signs of 
expansion ; its specific gravity has remained exactly as it was, 
and microscopical examination has shown that it is absolutely 
unconverted. Yet, if we put it into the combustion chamber 
and subject it to a temperature of 1370° C., we find that, after 
it has been subjected to that temperature for 27 or 30 days, at 
least 90 p.ct. of the quartz has converted, and an expansion of 
4 p.ct. has occurred. That expansion would absolutely vanish 
in the load test carried out as the Mellor and Moore test is 
carried out; in fact, in that material there is a steady slump 
from about 1400° C. until a contraction of about 12 p.ct. has 
occurred at 1530° C. Yet, at the combustion chamber tempera- 
tures which we use, undoubtedly the material will convert, 
with expansion, and without any sign of the slump. I think 
that in the evaluation of silica materials there must be a long- 
period soaking at combustion chamber temperature. 

I do not propose to say much about the surface flaking of 
vertical retorts, because I have not had much contact with such 
retorts, but products properly converted have been used in verti- 
cal retorts and still show spalling, alike with material which is 
not converted. It is not a question of conversion alone, 


Hot-PatcHInG CEMENTS, 


In connection with hot-patching cements, at Beckton we pin 
our faith to material which is inherently refractory—i.e., as 
refractory as any material we can get. I would point out that 
care should be taken with jointing cements, because the pre- 
vention of leakage is better than cure, For the jointing of our 
silica sections we habitually use a quartzite cement which con- 
tains the normal amount of lime—z p.ct.—and as a plasticizer 
we use the cellulose liquor mentioned in the report, That 
material is brought into a usable condition, or a condition of 
‘* trowelability,’’ by exceedingly fine milling. Milling to that 
extent does not reduce the refractoriness of this material ; there 
are no slagging elements to reduce the refractoriness, We 
select the quartzite with less than 2 p.ct. of alumina, because a 
content of more than 2 p.ct. of alumina will definitely reduce 
the refractoriness; but lime, even up to 4 p.ct., will not ad- 
versely affect the refractoriness of a quartzite cement. One of 
the advantages of that cement is that on setting it will have a 
hard, positively stone-like, texture, and I think that this setting 
effect is acquired by reason of the conversion of quartz. If you 
use burned silica, or ground silica bricks, the result is not so 
good; if you use quartzites which are difficult to convert, or 
which convert slowly, similarly you get poor friable cement 
which sets to a mass which can easily be rubbed with the 
fingers, and which cracks off in use. In fact, in practice we 
have proved that in silica work which has been jointed with 
silica materials we have more holes than in work which is 
cemented with fast-converting silica cements, There is no 
doubt that, if the right cement is used initially in the building 
of the silica sections, the bonding of them, and in the building 
of the setting generally, holes such as we had a few years back 
are reduced to an absolute minimum—a matter of about two 
where there used to be hosts, 

A Memper: Are you speaking of horizontals or verticals? 

Mr. Epwarps: I am speaking of horizontals; I have not hod 
a great deal of experience of the use of this kind of cement 'n 
vertical retorts, though shortly there will be a setting ready ‘or 
inspection at our works in which the pure silica cement !.1s 
been used. The experience of the use of glue or cellulose liqu«'T 
is a very happy one, but the ordinary quartz cement is, 
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course, very friable at low temperatures ; it does not acquire the 
hardness at low temperatures which it acquires later by con- 
version, and the plasticide which we use also confers upon it a 
very useful degree of hardness. 

We are unable to agree with some of the statements made in 
the report as to the desirable properties in hot-patching cements. 
For instance, in (a) we are told that such a cement should 
vitrify enough to enable it to resist such abrasive action as may 
be caused by charging or discharging machinery. We use 
2 p.ct. of lime, and have even used quartzite alone, because 
there is a slight increase in the rate of conversion, and we rely 
on the conversion of that quartzite cement to give us the high- 
temperature bond. We do think there are actions going on in 
the retort which adversely affect cement containing any amount 
of vitrifying material or glass.. The vitrifying material may 
stand for some considerable time, but eventually it either flows 
or contracts. It is bound to contract or pull together the grain 
of the refractory material, and with contraction there will be 
leakage and all its attendant troubles. For that ‘reason we 
would never use 7 p.ct. of powdered bottle glass with the quartz- 
ite cement. We agree with the prescription that the cement 
or patching cement should expand. With a quartzite cement, 
this is normally attained during conversion, but in a cement as 











nowadays we use a lot of washed fuel, which often contains an 
appreciable quantity of salt ; and I believe that salt is one of ‘he 
most troublesome factors in connection with refractory 
materials, because it acts naturally as a flux. I do not dogn a. 
tize on the point, but merely suggest that that is possibly the 
cause of the failure of refractory materials in vertical retorts. 

Dr, Cotman, responding, said: It is to Mr. Leather that your 
thanks are due, because this is the concluding ceremony after 
the many years’ work he has done as Chairman of the Com. 
tmittee. 

With regard to the future work of the Committee, I can only 
speak in general, as | am a new importation; but I can say 
that all the suggestions that have been made this afternoon will 
be considered by the members of the Committee. They are 
always anxious to hear your suggestions as to the lines of re. 
search which can usefully be followed. The carrying-out of 
research on conductivity has been considered by the Committe 
several times, and a good deal of work has been done in that 
connection, though not actually by this Institution. One line 
of research which is now under consideration is that concerning 
the penmeability of hot refractory material to gases either in the 
setting or out of the setting; and it will be considered very 
shortly by the British Refractory Materials Research Associa- 
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usually made from burned bricks there is no expansion and no | tion, at the suggestion of the Joint Committee. - 
hold on the surrounding brickwork. Tus tcoeirveends  Secuetabesen. in 
Votre oF THANKS TO REFRACTORIES RESEARCH COMMITTEE. Ti. Peescneers 1 have te intimate. that cur frieed, Mr. wi 
Mr. H. E. Corr (Hull): I have the honour to propose a | Campbell resigned the Secretaryship of this Institution some 
hearty vote of thanks to the Refractory Materials Joint Re- | time ago, but he has been kind enough to carry on until we th 
search Committee for their excellent report; furthermore, our | Could appoint a successor. I have to report that we have ap- of 
thanks are due to Mr. Dale particularly for his very concise pointed Mr. J. R. Willis Alexander, M.A., LL.B., as the new fo 
abstract of that report. I think the large attendance this | Secretary, and he will commence his duties on Dec. 1. In 
afternoon is a delicate compliment to the Joint Research Com- | S@Y!ng this, I wish to express appreciation of the fact that Mr. a 
mittee. Campbell has carried on so long while we have been appointing 
I should like to refer briefly to one or two matters mentioned | # Swecessor. When I say that we had 602 applications for the re 
in the report. We have heard much about hot-patching, but I post of Secretary, you will appreciate that a good deal of sifting th 
am no great believer in it as far as vertical retorts are con- | W4S_ necessary ; but I think we have selected the best of the tr 
cerned. I have tried a variety of materials, and a variety of applicants. di 
methods of applying them, but cannot claim to have experi- A SuccessFuL MEETING. | 
enced a great deal of success. I suggest that one of the causes The PresipENT: This will be my only opportunity of saying : 
of spalling in the vertical retort is the heat transfer between the | how much I and the Council appreciate the manner in which 
inside of the retort and the combustion chamber. At times, | the members have attended this meeting. The discussions have a: 
when the coal goes down, there are probably marked variations | well justified the ¢alling of the meeting, and I feel certain that, Pp 
of temperature, and sometimes it is below what we should call | now that we are a Chartered Institution, one meeting annually li 
the critical temperature of silica, and the result of this can only | will not be sufficient. I can foresee the time when probably we c 
be flaking and spalling. Another factor, of course, is that | shall need to hold meetings more frequently than bi-annually. e 
n 
b 
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SECOND REPORT OF THE AMMONIA SUB-COMMITTEE. 


On the morning of Nov. 14, the First and Second Reports of the Ammonia Sub-Committee were presented for 
discussion. The First Report—“ Economies in the Recovery of Ammonia by the Indirect Process,” by H. Hollings, 
M.Sc., and S. Pexton, Ph.D., of the Gas Light and Coke Company—was published in the “ JOURNAL” for June 12. 


THE RECOVERY OF AMMONIA 
MANUFACTURE. 


INDIRECT, SEMI-DIRECT, AND DIRECT 
PROCESSES. 


IN GAS 


By A. Parker, D.Sc. 


The object of this paper is to ascertain whether the 
cost of recovery of the ammonia obtained during the manu- 
facture of gas for town supply might be reduced by the 
adoption of the so-called semi-direct or the direct process 
in place of the indirect process generally employed in the 
gas industry. 

The indirect process is used in the gas industry and in 
the bye-product coke industry mainly for the production 
of sulphate of ammonia, but the process is also employed 
for the manufacture of concentrated ammonia liquor and 
anhydrous ammonia. 

In this country, the semi-direct and direct methods of 
recovery are confined to the bye-product coke industry, 
though the direct method has been tried in the gas indus- 
try. Sulphate of ammonia is the only product of the semi- 
direct process, and it is the principal product of the direct 
process. In those coke-oven installations operating 
direct recovery, a small quantity of ammonia is obtained 
as ‘‘ fixed’’ ammonia liquor from those sections of the 
plant preceding the saturator; this ‘‘ fixed ’’ ammonia 
liquor is usually sold as a solution of crude ammonium 
chloride or it is evaporated for the production of solid 
crude ammonium chloride. 

The relative values of the three types of processes can 
most conveniently be assessed, as regards their possi- 
bilities in the gas industry, by a study of their applications 
in the manufacture of sulphate of ammonia, since this salt 
is the only product common to the three processes. 


INDIRECT PROCESS. 


According to general practice in the gas industry, the 
ciude coal gas leaves the retorts and enters the foul gas 
collecting main at temperatures in the neighbourhood of 
100° C. The crude gas is then cooled to about atmo- 
spheric temperature by passage through condensers. This 
reduction in temperature causes the condensation of the 
major portions of the tar and water vapour from the crude 
gas; and the aqueous condensate dissolves ammonia, 
ammonium chloride, sulphuretted hydrogen, carbon 
dioxide, hydrocyanic acid, pyridine, naphthalene, mono- 
hydric phenols, and higher tar acids. The condensers are 
followed by scrubbers supplied with cold water or cooled 
ammonia liquor for the purpose of reducing the quantity 
of ammonia in the gas to approximately 3 grains per 
100 c.ft. The tar and liquor from all points of the con- 
densing and scrubbing systems are, in most instances, 
allowed to flow into a main storage well in which the tar 
and liquor separate into two layers. The crude ammonia 
liquor is then pumped, as required, to a storage tank which 
supplies the plant for the production of ammonium sul- 
pl ite, Concentrated ammonia liquor, or anhydrous am- 
mMonia. 

The volume of crude ammoniacal liquor obtained per 
0 Of coal carbonized in gas-works practice varies con- 
siierably, and is dependent on (i.) the amount of moisture 
) the coal as charged into the retorts, (ii.) the water pro- 

ed by distillation of the coal substance, (ili.) the 
Lantity of, steam admitted to the retorts and the effici- 
\-y-of decomposition of the steam, and (iv.) the volume of 

ter supplied to the scrubbers. 

Jifferent types and qualities of coal contain different 
rounts of moisture. Washed nuts frequently contain 

to 12 per cent. of moisture, equivalent to 22 to 27 gal- 


: ; 
Air-dried coal retains, at ordinary tempera- 


‘Ons per ton. 


ture, from 1 to 7 per cent. of moisture, or 2 to 16 gallons 
per ton. The water formed by distillation of the coal sub- 
stance is usually in the neighbourhood of 10 gallons per 
ton of coal. 

The volume of liquor which results from the carboniza- 
tion of 1 ton of coal, therefore, cannot be less than an 
amount which varies from 12 to 37 gallons according to 
the type and quality of coal employed. If it be assumed 
that, under average conditions, the coal as charged to 
the retorts contains 5 per cent. of moisture, then the 
volume of liquor produced cannot be less than about 
21 gallons per ton of coal carbonized; and this yolume 
must be increased by the amount of water supplied to the 
scrubbers and the amount resulting from’ the condensa- 
tion of any steam supplied to the retorts and not decom- 
posed. 

The figures in Table I. for the volumes of liquor obtained 
per ton of coal are given to represent good average prac- 
tice for carbonization in horizontal retorts and in con- 
tinuous vertical retorts supplied with steam. In the figures 
for continuous vertical retorts, it is assumed that the 
quantity of steam supplied to the retorts is 15 per cent. 
of the weight of coal, and that 60 per cent. of this steam 
is decomposed, leaving 40 per cent. to be condensed with 
the liquor. “” 


TaBLe I.—Volumes of Liguor per Ton of Coal Carbonszed 
(Gallons). 





| Continuous Vertical 
Horizontal Retorts. Retorts with 
Steaming. 





Moisture in coal, 5 percent. . . IL" I1‘2 
Water from coal substance. . . 10° 10°O 
Water supplied to scrubbers. . : 98 
Steam not decomposed . . . . ae 13°5 











Total . 44°5 

If it be assumed that the quantities of ammonia pro- 
duced per ton of coal carbonized under the conditions 
represented in Table I. are equivalent to 25 lbs. and 30 lbs. 
of ammonium sulphate for horizontal retorts and steamed 
vertical retorts, respectively, the corresponding concentra- 
tions of ammonia in the liquors would be 1°954 per cent. 
(9 oz.) and 1°737 per cent. (8 oz.). Improvements in 
the condensing and scrubbing systems, designed to avoid 
the addition of fresh water, would reduce the volumes of 
liquor given in the table to 21°2 and 34°7 gallons per ton 
of coal carbonized in horizontal retorts and steamed ver- 
tical retorts, respectively, and would increase the concen- 
trations of ammonia in the liquors to 3°04 per cent. 
(14 oz.) and 2°23 per cent. (10°3 0z.). The volumes of 
liquor might be further reduced by the carbonization of 
coal containing less than 5 per cent. of moisture. On 


* the other hand, the volume of liquor might be increased by 


the carbonization of coal containing 10 to 12 per cent. 
moisture, and in the case of continuous vertical retorts 
by a low efficiency of decomposition of the steam supplied 
to the retorts. It is necessary, therefore, in a considera- 
tion of the indirect process to assume that the ammonia 
content of the liquor to be distilled may be as low as 
13 per cent. (6 0z.), or as high as 4°34 per cent. (20 0z.), 
the latter in exceptional circumstances. 

The proportion of the total ammonia present in the 
liquor as ‘* fixed ’’ ammonia—i.e., as salts requiring the 
addition of caustic alkali for their decomposition by steam 
distillation, also varies considerably, from as low as 
10 per cent. to as high as 50 per cent. As a basis for 
estimates, however, it might reasonably be assumed that 
the average amount of “‘ fixed ’’ ammonia is 20 per cent, 
of the total quantity of ammonia in the liquor. 

With the object of obtaining reliable information on the 
conditions and costs of manufacture of sulphate of am- 
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monia from gas-works liquor, a questionnaire was pre- 
pared and circulated to about thirty undertakings. In 
those instances-in which the required information was 
available, it was freely given. The data thus obtained has 
been considered-in conjunction with those. from other 
Sources in arriving at bases for the calculation of costs. 
The basic data employed are given in the following para- 
graphs. : 

Volume of Liquor.—The volumes of liquor required for 
the production of 1 ton of sulphate of ammonia from liquors 
of different strengths have been calculated on the assump- 
tion that 95 per cent. of the total ammonia is converted 
into sulphate. 


Volumes 4 f Liquor ait Ton of ey ak £ Ammonia. 





Strength of liquor, oz. . : 6 8 10 12 16 | 20 
Volume of liquor, galls... . 4660 | 3490 | 2800 | 2340 1750 | 1400 


Steam Consumption.—The weight of steam required 
for the distillation of the liquor, production of milk of 
lime, operation of pumps, &c., has been taken as one-third 
of the weight of liquor distilled. 


Weight of Steam per Ton of Sulphate of Ammonia. 


Strength of liquor, Oz. . ‘ . 2 6 8 10 12 16 20 
Weight of steam, tons . ; 6°94 | 5°20 4°16 3°48 2°60 | 2°08 


Lime Required.—The weight of lime required has been 
calculated on the assumption that (i.) the amount of 
fixed ammonia is 20 per cent. of the total ammonia, (ii.) 
the lime contains 96 per centgCaO, and (iii.) the quantity 
of lime used is 20 per cent. greater than that theoretically 
required, 

Weight of lime (96 per cent. CaO, 20 per cent. excess) 
per ton of sulphate of ammonia = 238 lbs., or 0'106 ton. 

Sulphuric Acid.—The weight of acid (75 per cent. 
H.SO,) required per ton of sulphate of ammonia 
o'99 ton. 

BASES or Costs. 

(1) Steam.—The figures obtained for the cost of steam 
varied considerably, but after careful consideration 
it has been decided that 4s. per ton of steam repre- 
sents a reasonably low amount to cover all charges, 
with low-grade fuel consumed under the boilers. 

(2) Lime.—The price of lime, calculated to a ae 
of 96 per cent. CaO, at fourteen works situated i 
different parts of the country varied from £1 Ss. 
to £2 8s, per ton. The approximate average price 
of £1 15s. per ton has been accepted as a basis. 

(3) dAcid.—The cost of acid, calculated to a standard 
of 75 per cent. H.SO,, as given by different gas 
undertakings, ranged from £2 3s. per ton at two 
works with their own acid plants to £4 3s. at a 
small works purchasing acid. The approximate 
average price for fourteen works was 4,3 per ton. 

(4) Capital Charges.—The average of the estimated 
capital costs of sulphate plants and buildings at the 
present time for a number of works is approxi- 
mately £:7 
factured, assuming that the plant is operated at 
its nominal capacity for 200 days per annum. An 
allowance of 10 per cent. for maintenance, interest, 
depreciation, and repairs, therefore, represents a 
charge of 14s. per ton of sulphate made. 

(5) Labour Supervision, €&c.—A consideration of the 
figures obtained has led to the conclusion that £1 
per ton of sulphate represents a reasonable average 
allowance for labour, supervision, other 

loading, 

and materials incidental 


and 


charges, excluding costs of bagging, 


neutralizing, and 
thereto. 


labour 


On the basis of costs given, the cost of manufacture 
of 1 ton of sulphate of ammonia by the indirect process 


from 10 oz. liquor containing 0°434 per cent. ‘‘ fixed ”’ 


ammonia and 1°737 per cent. ‘‘ free’? ammonia (ratio 
‘fixed’ to ‘free ’’ ammonia, 20: 80) would be as given 


in Table II. 





per ton of sulphate of ammonia manu-. 








TasLe I1—Cost of Manufacture of One Ton of Sulphate of 
(20 per cent. “ Fexei” 


Ammonia, from 10 oz, Liquor. 


Ammonia.) 

sp Ss. a 

t. Acid. 1 ton (75 pér cent. H,SO,) at £3 per ton é 3 0 0 
2, Lime. 238 Ibs. (96 per cent. CaO) at £1°75 per ton . ° 39 
3. Steam. 4°16tonsat4s.perton . ° 016 § 
4. Maintenance, depreciation, &c., of plant . 0 ea sania O14 0 
5. Labour, supervision, &c. “i SPS € 8 ey a Sr es 8 be Io o 
Pi eh RN hee Bere. Oo ae £5 14 5 


Provided the proportion of ‘‘ fixed’’ ammonia in the 
crude liquor is 20 per cent. of the total ammonia, the costs 
of acid and lime (items 1 and 2 in the table for 10 oz. 
liquor) should be independent of the strength of liquor 
distilled. The charges against items 3, 4 and 5, however, 
must increase as the strength of the crude liquor falls 
and decrease as the strength of the liquor rises. The 
biggest changes with variation in the strength of the 
liquor would occur in the cost of the steam. Table III. 
gives the costs of the steam required in the manufacture 
of 1 ton of sulphate from liquor of strengths ranging 
from 6 oz. to 20 oz. assuming that the quantity of steam 
required is one-third of the weight of liquor distilled. 


TaBie II1.—Cost of Steam Perv Ton of Sulphate of 


Ammonia, 
| | | 
Strength of liquor, oz. » - teen 6 8.; }20 | 12 |16 | 20 
Cost of steam, shillings . . . | 27°8  20°8 | 16°6 


wid bet 8°3 


l 


The variations, with different strengths of liquor, in the 
charges shown in items 4 and 5 of Table II., can- 
not readily be evaluated, but, in general, they would 
not be so important as the variations in the costs of the 
steam required. Assuming that the only variable is the 
cost of steam production and that the other charges, 
items 1, 2, 4, and 5 of Table II., are independent of the 
strength of the crude liquor, the costs of manufacture ot 
1 ton of sulphate of ammonia from liquors of different 
strengths would be as given in Table IV. 


Tasie 1V.-—Costs of Manufacture of One Ton of Sulphate 
from Liquors of Strengths from 6 Oz, to 20 Oz. 


Strength of Liquor, Oz. Cost. 

‘es & 
6 6 5 6 
8 518 7 
10 5 14 5 
12 511 8 
16 § 8 2 
20 s 8.3 


The figures in this table clearly demonstrate that con- 
siderable savings in the cost of steam might be effected 
by ensuring that the crude liquor is obtained at the outset 
with the maximum concentration of ammonia, quite apart 
from appreciable economies which would also result in the 
charges shown in items 4 and 5 of Table II. 

It is appreciated that the actual costs of manufacture 
of ammonium sulphate by the es must vary 
at different works, according to local cohditions. Further, 
various methods of apportioning certain items of cost to 
the several products of the carbonization of coal, are 
adopted at different works. 

It must be emphasized, therefore, that the costs in this 
paper are given merely to illustrate the influence of the 
more important factors, and it has been shown, for ex- 
ample, that the cost of the steam required in the distilla- 
tion of the ammonia liquor from the indirect process is of 
considerable importance. 


DIRECT AMMONIA RECOVERY. 


In those coke-oven installations operating the direct 
ammonia recovery, the plant is usually ar- 
ranged in the following order: Coke-ovens, foul-main, 


process olf 
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cyclone tar, extractor, centrifugal or dynamic tar extrac- 
tors, exhauster, saturator, naphthalene extractors, water- 
cooled condensers, &c. 

The plant is so designed that the gas is maintained at 
a temperature of ‘about 75° C. until it leaves the saturator. 

It is important that the tar fog in the crude gas at about 
75° C. should be removed as etticiently as possible before 
the gas enters the acid in the saturator; but at this stage 
the gas must not be cooled below dew-point, otherwise 
water vapour would condense out and dissolve ammonia. 
To aid in the extraction of tar fog and to remove am- 
monium chloride, hot liquor is usually sprayed into the 
tar extractors. The hot liquor is then separated from 
the heavier tar and re-circulated until it attains the de- 
sired concentration of ammonium chloride, about 20 per 
cent.; when it is sold as concentrated fixed ammonia 
liquor or is evaporated for the production of crude am- 
monium chloride containing less than 2 per cent. of am- 
monium sulphate. 

A small quantity of tar collects on the surface of the 
liquid in the saturator, but this is readily removed. The 
water vapour contained in the gas, which leaves the satu- 
rator at a temperature of about 75° C., is deposited to- 
gether with light tar oils, in the water-cooled condensers. 

The following points in connection with direct ammonia 
recovery are of importance when considering the possible 
application of the method in gas-works practice. 


(1) A saturator of usual design cannot be operated suc- 
cessfully with gas flows much greater or less than the rate 
for which it is intended. 

(2) The crude gas should not be cooled below dew-point 
before entering the saturator. 

(3) As much tar as possible must be removed from the 
hot crude gas before it enters the saturator. Tar extrac- 
tors of the centrifugal or dynamic type and supplied with 
sprays of liquor have been used extensively in the coke- 
oven industry, and these remove the major portion of the 
tar, though greater efficiency in this respect is desirable. 
The power required to drive the extractors and to pump 
liquor to the sprays is considerable. 

(4) It is usually recommended that the exhauster should 
precede the saturator, so that the gas is forced and not 
drawn through the acid. This means that the exhauster 
receives and delivers gas, containing a large quantity of 
water vapour, at a temperature of about 75° C. In addi- 
tion, the saturator throws a back-pressure of the order of 
10 in. water gauge. The power required to drive the ex- 
hauster in .an installation operating direct ammonia 
recovery is, therefore, about twice that required for the 
exhauster dealing with the same weight of gas previously 
cooled to ordinary temperature, and accompanied by a 
comparatively small quantity of water vapour. 

(5) Arrangements must be made to prevent the accumu- 
lation of naphthalene in the condensers, &c., following the 
saturator, This precaution is necessary since the major 
portion of the tar, which is a solvent for naphthalene, is 
removed from the gas at a temperature of about 75° C. 

(6) Ammonia scrubbers are not required in the direct 

recovery system. 
_ (7) Sulphate of ammonia is manufactured continuously 
in the direct system, and since only a small quantity of 
fixed ammonia liquor is produced, large storage tanks for 
liquor are unnecessary. 

(8) The quantities of sulphuretted hydrogen, hydro- 
cyanic ‘acid, and carbon dioxide in the cooled gas are 
greater than when ammonia liquor is allowed to condense 
as in ordinary gas-works practice, since ammonia. liquor 
dissolves proportions of these gases. Greater purifying 
aiea, therefore, would be required if direct ammonia re- 
Covery systems were adopted. On the other hand, when 
ammonia liquor is produced and distilled by the indirect 
process, the ‘‘ devil ’’ gases evolved during the distillation 
require purification from sulphuretted. hydrogen, though 
Some of the sulphuretted hydrogen is removed as calcium 
Unocyanate, &c., with the spent lime. 

(9) The direct process does not involve the use of lime, 
as fixed ammonia is obtained in the form of a concen- 
trated solution which is sold as such or is evaporated for 
solid crude ammonium chloride. 

(10) There is no process of distillation in the direct 
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recovery of ammonia, so that the use of steam for distil- 
lation is avoided. 

(11) The quantity of sulphuric acid consumed per ton ot 
sulphate of ammonia made is the same in both the direct 
and the indirect processes. 

(12) It is frequently asserted that the quality of the 
ammonium sulphate, as regards colour and crystal size, 
is not so good from the direct process as from the indirect 
process. 

(13) The effluent for disposal from the direct process con- 
sists of the liquor which collects in the condensers follow- 
ing the saturator, with the addition of an almost negligible 
quantity of mother liquor if the fixed ammonia liquor is 
evaporated for the separation of crude ammonium chloride. 
lhe principal obnoxious constituents of the liquor from the 
condensers are monohydric phenols, which usually account 
for about go per cent. of the oxygen absorbed value as 
measured by potassium permanganate; the amounts of 
cyanide, sulphide, thiocyanate, and thiosulphate are re- 
latively small. It may be possible to develop an economic 
process for the recovery of phenols from the condensed 
liquor. The effluents from the distillation of ammonia 
liquor are not usually so rich in monohydric phenols as the 
condensate from the direct process, and they also usually 
contain appreciable quantities of thiocyanate and _thio- 
sulphate. Further, the effluent from the still in the dis- 
tillation of liquor must be passed through settling tanks 
to remove lime, and the effluent must be cooled. 


The demand for gas which has to be met by the average 
gas undertaking varies considerably according to the time 
of the year and other circumstances, It has already been 
mentioned that a saturator of usual design cannot be 
operated successfully with large fluctuations in rates of 
gas production. With low rates, salt deposits on the cur- 
tain plates of the saturator and causes stoppages. This 
has been the main reason for the failure of the direct am- 
monia recovery installations which have been tried in con- 
nection with gas retorts. Mr. L. H. Sensicle (‘‘ Recovery 
Methods and the Ammonia Problem,’’ ‘‘ Gas Journal,’’ 
1928, Vol. CLXXXII., p. 389), however, claims that this 
difficulty can be overcome by employing a saturator with 
curtain pipes of a design different from that usual in satu- 
rators and/or by installing two saturators of different sizes 
in parallel, the smaller being used for the lower rates of 
gas production. 

Costs oF Direcr RECOVERY. 

It is not possible to predict with any certainty whether 
the capital and maintenance costs of the direct process of 
ammonia recovery would be greater or less than those of 
the indirect process. The direct process as at present in 
operation in the coking industry would require modifica- 
tion based on further experience for successful application 
in the gas industry. Possibly the usual type of saturator 
might successfully be replaced by an acid washer in which 
the strength of the solution is maintained just below 
saturation-point. The solution could then be withdrawn 
as necessary and evaporated for the recovery of salt. The 
savings in ammonia scrubbers and storage tanks would 
have to be off-set against the costs of tar extractors and 
naphthalene washers and additional purifiers. 

It has been mentioned that the power consumed by the 
exhauster in a direct recovery system would be about 
twice that required for the same purpose in an indirect 
system of equivalent size. The power required to drive 
the tar extractors and to supply them with sprays of 
liquor would probably be from one and a-half times to 
twice that consumed by an exhauster operating on the 
same quantity of cooled gas in the indirect system. The 
total quantity of power required in the direct system for 
the tar extractors and exhauster, therefore, would be be- 
tween three and four times that required for the exhauster 
in the indirect system. 

For the purpose of illustrating to what extent the addi- 
tional power required for the tar extractors and exhauster 
might influence the cost of ammonia recovery, assume that 
(a) an engine of 10 B.H.P. is required to drive an exhauster 
passing 60,000 c.ft. of gas per hour as made under usual 
conditions in the gas industry, (b) engines of a total of 
35 B.H.P. would be required to operate the tar extractors 
and exhauster dealing with the same quantity of gas, but 
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with direct recovery of ammonia, (c) 1 ton of coal on car- 
bonization yields 12,000 c.ft. of gas, and (d) 100 tons of 
coal yield 1 ton of ammonium sulphate. On these as- 
sumptions, the power required to drive the tar extractors 
and exhauster per ton of sulphate made by direct recovery 
would be 500 8.H.P. hours greater than that required for 
the exhauster of an indirect system. This extra power 
at o'5 pence per B.H.P. hour would cost 21 shillings per 
ton of sulphate made, The additional charge of 21 shillings 
is about the same as the cost of the steam, at 4 shillings 
per ton, required to distil ammonia liquor of 8 oz. strength. 

It is possible that more efficient and less costly methods 
of removal of tar from the hot gas may be developed. 
The Liquor Effluents Research Committee of the Insti- 
tution of Gas Engineers has carried out experiments with 
this object on an electrostatic method of precipitation, but 
definite opinions of the method cannot at this stage be 
given. : 

It may later be considered advisable to remove the maxt- 
mum quantity of tar from the hot gas before liquor con- 
denses in the indirect process, for the purpose of reducing 
the difficulties of disposal of the effluent liquors from the 
distillation of ammonia liquor, in which case the cost of re- 
moval of tar from the hot gas could not be considered as 
peculiar to the direct process of ammonia recovery. 

Developments might also take place which would en- 
sure satisfactory operation of the direct process with the 
exhauster following the condensers and operating on 
cooled gas. This would effect an appreciable reduction in 
the power consumed by the exhauster. 

Lime is not employed in the direct recovery process at 
the present time, but if the process were generally adopted, 
it might be necessary, for economic reasons, to distil the 
fixed ammonia liquor with lime for the manufacture of 
sulphate. It is inadvisable, therefore, to consider that 
the cost of lime would be avoided in the direct process. 
There is only a limited demand at a low price for fixed 
ammonia liquor, and in this paper it has been assumed 
that the disposal of fixed ammonia liquor from the direct 
process results in neither profit nor loss. 


SEMI-DIRECT AMMONIA RECOVERY. 


The semi-direct process of ammonia recovery, of which 
there are several modifications differing in detail, but not 
in general principles, has been developed with the object of 
securing the Advantages and avoiding the disadvantages 
of the direct process. A number of installations are in 
operation in the coking industry, but the process has not 
been employed in this country in the gas industry. 

By the semi-direct process, the gas from the carboni- 
zation ovens is cooled below dew-point to a temperature 
which varies from. 25° C, to 45° C. according to the par- 
ticular system. During this cooling, ammonia liquor and 
tar condense out, and a further quantity of tar is removed 
by passing the gas through tar extractors. The crude gas 
is then usually re-heated to about 60° C. before it enters 
a saturator containing dilute sulphuric acid. It is claimed 
that the cooling of the gas is necessary for the satisfac- 
tory removal of tar and the production of sulphate of good 
quality. 

The liquor which condenses in the coolers contains both 
fixed ammonia and free ammonia, but does not remove 
the whole of the ammonia from the crude gas. The liquor 
is first separated from tar, and is then distilled with steam 
and lime in a still in close proximity to the saturator. 
The ammonia and other gases removed from the liquor 
in the still are conveyed to join the stream of crude coal 
gas entering the saturator. 

The exhauster operates on the cooled gas, frequently in 
a position between the coolers and the tar extractor. 

In some cases, exhaust steam and waste gases are em- 
ployed to operate the still and to re-heat the crude gas 
before it enters the saturator,. 

From this brief description it may be seen that the semi- 
(lirect process may be classified, as its name implies, as 
intermediate between the direct and indirect processes. 

The following points are of importance when consider- 
ing the possible application of the semi-direct process of 
ammonia recovery in the gas industry. 


(1) It may be necessary to modify the design of satu- 











rator to ensure satisfactory operation, with widely 
varying rates of gas production. 

(2) It is claimed that the removal of tar is more efficient 
in the semi-direct than in the direct process, since the 
gas is cooled well below dew-point before it passes, throu zh 
the tar extractor to the saturator. Less tar fog, therefo:e, 
is carried to the saturator, and in consequence sulphate of 
a better quality is produced. 

(3) In the semi-direct process, the exhauster and tar 
extractor consume less power than in the direct process, 
since they operate on gas previously cooled and contain- 
ing less water vapour. The exhauster and tar extractor, 
however, consume more power than the exhauster in the 
indirect system. 

(4) There is less trouble from the deposition of nap'- 
thalene in the condensers following the saturator in tie 
semi-direct process than in the direct process, as the crude 
gas is cooled during the removal of tar which consequently 
dissolves a large proportion of the naphthalene. 

(5) Ammonia scrubbers supplied with water or liquor 
are not required as in the indirect system. 

(6) Sulphate of ammonia is manufactured continuously, 
so that large starage tanks for liquor are unnecessary. 

(7) The whole of the ammonia, including that obtained 
in the form of a solution of fixed salts, is converted into 
sulphate. 

(8) The quantities of sulphuretted hydrogen, hydro- 
cyanic acid, and carbon dioxide in the cooled gas leaving 
the condensers following the saturator are greater than 
when ammonia liquor is allowed to condense as in ordinary 
gas-works practice. Greater purifying area, therefore, 
would be required if semi-direct ammonia recovery- systems 
were adopted. 

(9) The semi-direct system involves a process of distil- 
lation, including the use of lime. 

(10) The quantity of sulphuric acid consumed per ton 
of sulphate of ammonia made is the same in the semi- 
direct system as in the direct and indirect systems. 

(11) The effluent liquors for disposal from the semi- 
direct process would include the condensate from the 
coolers following the saturator and effluents from the dis- 
tillation of liquor. The condensate from the coolers follow- 
ing the saturator would probably be similar in character to 
the condensate from the direct system. The quantity of 
monohydric phenols in the condensate would probably be 
greater than in ammonia liquor from the indirect process, 

‘but less than in the condensate from the direct process. 
The effluents from the distillation of liquor would contain 
spent lime, probably higher tar acids, but only relatively 
small quantities of thiocyanite and thiosulphate. 


Costs or Semi-Direcrt RECOVERY. 


It is not possible to give an accurate estimate of the 
probable cost of manufacture of sulphate of ammonia by 
the semi-direct process, as the process may require modifi- 
cation for successful application in the gas industry. It 
seems reasonable to assume, however, that the cost would 
be intermediate between the costs by the indirect and 
direct processes. 


CONCLUSIONS. 


In considering the possibilities of replacing the indirect 
process of ammonia recovery at present employed in the 
yas industry by the direct or semi-direct processes, the 
following factors of importance should be ‘taken into 
account. 

(1) The direct and semi-direct processes are not so 
flexible in that they can only produce sulphate of ammonia, 
whereas the indirect process may be employed for the pro- 
duction of sulphate, concentrated ammonia liquor, anhy- 
drous ammonia, and possibly other products. 

(2) It is agreed that it is not so easy to produce sulphate 
of a uniformly high quality by the direct and semi-direct 
processes as by the indirect process. 

(3) If the costs of the power consumed in the remov:! 
of tar fog from the gas before the gas enters the satv- 
rators of the direct or semi-direct process and other cos‘s 
are taken into account, there does not appear to be ary 
decided financial advantage in either process over the in- 
direct process. If, however, the satisfactory disposal of 
effluent liquor should necessitate the removal of tar fog 
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from the gas before liquor condenses, the. cost of the direct 
process should be less than the indirect or semi-direct 
process for the manufacture of sulphate. 

(4) The direct and semi-direct processes as at present 
installed and; operated in the coking industry would prob- 
ably require modification for successful applicatien in the 
gas industry, especially in the majority of gas-works in 
which the carbonization units are very much smaller than 
in the coking industry. r. 

(5) There is considerable scope for economy in ammonia 
recovery in the gas industry by the indirect process, in 
the direction of obtaining a virgin liquor as concentrated 
as possible, and thus reducing the costs of distillation. 
This points to. the advisability of modifying the systems 
of condensation and scrubbing so as to avoid the addition 
of water. Several works have already taken a step in this 
direction by employing acid washers in place of the more 
usual ammonia scrubbers and by other methods. The dilu- 
tion of the liquor which results from the practice of steam- 
ing the charges in continuous vertical retorts should be 
taken into account when considering the extent to which 
steaming is desirable. 

The production of ammonia liquor of maximum concen- 
tration by the indirect process, with the object of reducing 
the costs of distillation, is worthy of the consideration now 
being given to the subject.* 

(6) The possibilities of replacing the indirect process 
by the direct process, adapted to suit the conditions in the 
gas industry, might be again considered when the investi- 
gations of the Liquor Effluents Research Committee of 
the Institution of Gas Engineers have proceeded further. 

In conclusion, the author desires to express his thanks 
to Mr. L. H. Sensicle, F.I.C., who supplied much useful 
information on the direct process, and to the many gas 
engineers who provided data in connection with the in- 
direct process. 


LIQUID PURIFICATION OF COAL GAS BY 
MEANS OF AMMONIA. 


By E. W. Smitn, D.Sc. 


Introduction.—It is now more than 100 years since 
D. Wilson, of Dublin, took out a patent for purifying coal 
gas by means of ammonia. From time to time the sub- 
ject has been revived and extensive experimental work 
carried out. The present developments in the production 
of synthetic ammonia with the’ consequent reduction in 
the value of gas-works ammonia make it necessary to 
look round for new fields in which gas-works ammonia 
may be economically utilized, and it is, therefore, desir- 
able that the position of the purification of coal gas by 
means of ammonia should be subjected to a completely 
new survey. 

Historical.—Although D. Wilson can claim to be the 
originator of the idea of gas purification by means of am- 
monia, Richard Laming was probably the first to broach 
the idea of the complete purification of gas by means of 
ammoniacal liquor, which he effected at the Great Central 
Gas Company’s works at Bow Common. He purified his 
ammoniacal liquor by means of oxide of iron. The liquor 
was passed through the oxide and then run through the 
scrubbers. The next step in the development was due to an 
assistant of Laming, named Hatherway, who passed fur- 
nace gases containing carbon dioxide through the foul 
ammoniacal liquor to remove the sulphuretted hydrogen. 
Then came the work of Mr. Hills. He found that by 
heating the liquor up to a temperature of little below 
boiling point, he could drive off the whole of the carbon 
d:oxide and sulphuretted hydrogen without losing am- 
monia. It was on this discovery that the invention of 
Mr. Claus was based. From this point the development 
0! liquid purification of coal gas by means of ammonia 

ay conveniently be studied under a number of headings. 

The Claus ammonia process was worked at Birming- 

m, and described by Mr. Charles Hunt before the Gas 

stitute in 1886. It was used at Windsor Street Works 





* This subject is discussed in detail in the paper on ‘‘ Economies in the 
<ccovery of Ammonia by the Indirect Process,'’ by Mr. H. Hollings, M.Sc., 
and Dr. S. Pexton, which formed the First Report of the Ammonia Sub- 
Committee of the Institution of Gas Engineers, 





for three years, with the object of demonstrating the possi- 
bility of effecting almost complete purification in closed 
vessels. The process proposed to effect the complete 
purification of gas by combining the acid and alkaline 
impurities to form soluble salts, these being taken up by 
water in a series of scrubbers. To effect this, extra am- 
monia was supplied. The plant at Birmingham consisted 
of five scrubbers which were employed to remove sul- 
phuretted hydrogen from the gas by scrubbing with con- 
centrated ammoniacal liquor, five decarbonating towers 
used for the purpose of driving off carbon dioxide and 
sulphuretted hydrogen, three distillation towers for dis- 
tilling the ammonia, and a Claus kiln in which the sul- 
phuretted hydrogen was converted into sulphur. 

A full scale purification plant on the Claus system was 
erected at Belfast in 1886, and this plant and the diffi- 
culties therewith were described in great detail by James 
Stelfox in a paper to the Institution of Gas Engineers in 
1897. For a period of nearly eight years extensive ex- 
perimental work was carried out on this plant, it being 
rebuilt a number of times. For short periods it purified 
the gas successfully, but it was found to be very uncer- 
tain. Difficulties were experienced with scrubbers, with 
the stills, and with the Claus kiln. After many vicissitudes 
the work was abandoned in 1895, and two phrases by 
Mr. Stelfox summing up his views on ammonia purifica- 
tion may justifiably be quoted. 

‘* Never did weary seamen leave a sinking ship and 
step upon the deck of a sound and seaworthy craft with 
a greater sense of relief than we felt when bidding adieu 
to purification in closed vessels by ammonia.’’ 

‘* Theoretically, it is a very beautiful system, but in 
practice it seems to me that there are numberless causes, 
some only of a very trifling character, which are sufficient 
to upset the working, and I fear that there is little chance 
of its taking the place of some of the older if less scientific 
systems.’”’ 


In brief, the process failed because of— 

(a) Loss of ammonia. 

(b) Uncertainty of operation. 

(c) High capital cost. 

(d) Great care required in working the plant. 

The subject of liquid purification by means of ammonia 
was closely examined by Dr. W. B. Davidson and later 
by the author, for the Birmingham Corporation Gas De- 
partment, in research work extending over four years 


from 1910-1914. Careful attention was paid to the three 
distinct problems in connection with this work. 


(a) The continuous purification of the gas by means 
of ammonia supplied by the still. 


(b) The continuous distillation of the ammonia liquor 
coming from the washers and the satisfactory 
isolation of the ammonia from the H.S and CO.. 


(c) The determination of the losses of ammonia that 
occur from carrying out each of the above pro- 
cesses. 


After various modifications, a number of tests were run 
during 1914, and no difficulty was experienced in eliminat- 
ing all traces of either CO, or H.S. It was found that the 
amount of ammonia which had to be circulated was six 
times the quantity of ammonia available in the gas. As 
the pure ammonia liquor coming from the still was only 
80 per cent. available, and only represented 85 per cent. 
of the ammonia entering the still, the actual quantity of 
ammonia liquor which had to be distilled was equal to 
nearly nine times the quantity produced from the carboni- 
zation of coal. By working with an ample margin of am- 
monia through efficient washers, complete purification was 
attained. As, however, the more liquor that was dis- 
tilled the greater were the losses, it was considered that 
it would be more economical not to attempt to extract 
all the H.S and CO., but to extract the last traces by 
means of catch boxes. The Birmingham Gas Department 
came to the conclusion that the loss of ammonia by the 
use of this process would amount to anything up to 20 per 
cent. of the ammonia made from the gas. 

The whole subject was reopened at a meeting of the 
Southern District Association of Gas Engineers and 
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Managers on Nov. 14, 1918, when a paper entitled 
‘* Some Observations Concerning Liquid Purification and 
the Simultaneous Recovery of Sulphur and Ammonia from 
Coal Gas '’ was presented by Mr. P. Parrish. It was 
shown that from the technical and chemical point of view 
there is no reason why concentrated ammonia liquor 
should not be successfully employed in the purification of 
crude and coal gas. 


DISCUSSION OF THE POSSIBLE APPLICATION 
OF LIQUID PURIFICATION BY MEANS OF 
AMMONIA AT THE PRESENT DAY. 

The various investigators of liquid: purification seem 
to agree that the factors which have led to the failure of 
the process may be summarized as follows : 


(1) Loss of ammonia. 
(2) Increased technical control in the operation of the 
plant, which must be sub-divided under the head- 


ings : 
(a) Operation of washing plant. 
(b) Operation of distillation plant. 
(c) Operation of Claus kiln. 
(3) Capital cost of the complete plant, including catch 
boxes. 
(4) Higher cost of operation. 
(5s) Effluent disposal. 
(6) Necessity for cyanogen removal. 


Although the Birmingham work led to the complete 
removal of sulphuretted hydrogen, it is obvious that 
greater stringency in the operation of the plant is re- 
quired if 1oo per cent. of the H.S is to be removed. Gas 
undertakings cannot -tolerate the slightest risk of dirty 
gas getting into the mains, and, therefore, any process 
depending upon circulating pumps, &c., must have a con- 
siderable factor of safety if the plant is to be the sole 
means of purifying. It is, therefore, probable that the 
economic maximum removal is go per cent., leaving 
10 per cent. of the impurities to be removed by dry purifi- 
cation. This in itself is a serious limitation, because there 
appears to be a certain amount of evidence that the re- 
moval of the last 10 per cent. of the H.S content of the 
gas in oxide boxes requires a considerable amount of oxide 
area to remove it, probably from 33 to 50 per cent. of 
the normal requirements where the whole of the H.S is re- 
moved by oxide purification. Further, the problems 
associated with oxide box working are not in the removal 
of the first 90 per cent., but in the extraction of the last 
10 per cent., and, therefore, most of those troubles 
associated with oxide box working would still exist if 
go per cent. of H.S was removed by liquid purification and 
the last 10 per cent. by solid oxide boxes, although the 
number of boxes would be reduced. 

Loss of Ammonia.—-Although the financial value of this 
item is not so important as it was ten years ago, the loss 
of anything up to 20 per cent. of the ammonia made is 
still a factor of some importance. 

Chemical Control of the Plant.—There is no doubt that 
the operation of the liquid purification plant requires a 
higher level of skill and supervision than oxide boxes. 
At the present day a large number of gas-works are not 
provided with means for the working up of their own am- 
moniacal liquor and do not carry the staff skilled in this 
operation. For large undertakings with a number of 
works, the tendency is to centralize the ammoniacal liquor 
production at the central works, and with small under- 
takings to sell their liquor to a central ammonia products 
works. The operation of the ammonia distillation plant 
and the sulphur recovery plant would be an extra tax on 
the gas engineer, and he would have to be shown sub- 
stantial financial savings before he would be likely to 
undertake this extra work. . 

The working of ammonia stills for the production of a 
strong ammonia solution involves more careful control than 
the operation of stills associated with the production of 
ammonium sulphate. In addition, experience in sulphur 
recovery by the Claus kiln has shown that this process 
demands‘ extremely careful control if satisfactory results 
are to be obtained, Careless operation of the Claus kiln 
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would lead to infringement of the Alkali Acts, as every 
plant operating such a process would have to be registerod 
in accordance with the above Acts. 

Steam.—For every million cubic feet of gas purified, at 
least 13,000 Ibs. of steam would be required for the dis- 
tillation of the ammoniacal liquor. This involves the iv- 
stallation and operation of additional boiler plant, which 
item has to be charged to the capital and running costs of 
liquid purification. 

Effluents.—During the past few years there has been a 
distinct increase in the vigilance as regards the sending 
of ammonia still effluent into the rivers and sewers. in 
many cases difficulty is found in sending down the liquor 
from the normal sulphate plant, amounting to a figure of 
(say) 4000 gallons per million cubic feet of gas made. With 
the introduction of the liquid purification process this 
effluent liquor figure would increase to somewhere in the 
neighbourhood of 7ooo gallons per million cubic feet. 
Although there is no reason to believe that the effluent 
would contain a higher percentage of phenol, the thio- 
sulphate and possibly the thiocyanate content would be 
higher. This increased quantity of effluent is undoubtedly 
a serious factor in the development of the liquid purifica- 
tion process. Many gas undertakings dispose of their 
crude ammoniacal liquor mainly to avoid these effluents. 
It is questionable whether any gas undertaking would, 
with any confidence, install a process of purification which 
involved the production of considerably gfeater quantities 
of effluent, It may be argued that effluents could be 
treated to render them innocuous, but this would add both 
to the cost of operation and the capital cost of the liquid 
purification plant. 


COST OF PROCESS. 


Taking into account that the liquid purification plant 
involves— 


(a) scrubbing plant, 

(b) distillation plant, 

(c) sulphur recovery plant, 
(d) extra boiler plant, 


(e) oxide catch boxes, 


it can be stated with certainty that the cost per million 
cubic feet of gas would be higher than standard oxide box 
purification. 

Calculations also show that even allowing a credit for 
the sulphur recovered as being high-grade sulphur, the 
net cost of purification would be not less than o'7d. per 
1000 c.ft., which is higher than the average figure for 
oxide box purification. 


THE AMMONIA PROBLEM. 


It must also be remembered that the use of ammonia 
for the removal of H.S from gas does not find an outlet 
for ammonia except that which is lost in the process of 
purification. The only justification, therefore, for the con- 
sideration of the scheme is that the operation of the pro- 
cess should lead to economies in the cost of gas produc- 
tion. There is no reason to believe that this is the case. 


CONCLUSION. 


Tite conclusion is that there is no likelihood that 
ammonia liquid purification will prove to be a general 
substitute for solid oxide box purification. In one or 
two isolated cases where other factors determine ‘that 
the works shall have an ammonia plant and sulphur 
recovery plant, the liquid purification process might be 
worthy of consideration, but as a contribution towards the 
solution of the bye-product ammonia problem, as it affects 
the whole gas industry, liquid purification of -gas by means 
of ammonia cannot be looked on as being a promising 
field for investigation. 

The writer desires to acknowledge the close collabora- 
tion that he has fortunately had with Mr. P. Parrish in the 
preparation of this communication, and to thank his col- 
league, Mr. T. Campbell Finlayson, for his continued 
personal assistance. 


(To be concluded.) 

















